NSF Engineering Research Center for Biorenewable Chemicals, Second Annual Report, Volume I by NSF Engineering Research Center for Biorenewable Chemicals
Center for Biorenewable Chemicals Annual Reports NSF Engineering Research Center for BiorenewableChemicals
4-7-2010
NSF Engineering Research Center for
Biorenewable Chemicals, Second Annual Report,
Volume I
NSF Engineering Research Center for Biorenewable Chemicals
Follow this and additional works at: http://lib.dr.iastate.edu/cbirc_annualreports
Part of the Biomedical Engineering and Bioengineering Commons, and the Chemical
Engineering Commons
This Book is brought to you for free and open access by the NSF Engineering Research Center for Biorenewable Chemicals at Iowa State University
Digital Repository. It has been accepted for inclusion in Center for Biorenewable Chemicals Annual Reports by an authorized administrator of Iowa
State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
NSF Engineering Research Center for Biorenewable Chemicals, "NSF Engineering Research Center for Biorenewable Chemicals,
Second Annual Report, Volume I" (2010). Center for Biorenewable Chemicals Annual Reports. 8.
http://lib.dr.iastate.edu/cbirc_annualreports/8
Transforming the 
chemical industry for 
a sustainable future
NSF Engineering Research
Center for Biorenewable Chemicals
A National Science Foundation Engineering Research Center since 2008
Cooperative Agreement No. EEC-0813570
Transforming the chemical industry for a sustainable future
Second AnnuAl RepoRt
VoluMe I
April 7, 2010
Dr. Brent Shanks, Director
Dr. Basil Nikolau, Deputy Director
Core Partner Institutions
Iowa State University (Lead)
Rice University
University of California, Irvine
University of New Mexico
University of Virginia
University of Wisconsin
 
  
COVER SHEET FOR PROPOSAL TO THE NATIONAL SCIENCE FOUNDATION 
            PROGRAM ANNOUNCEMENT/SOLICITATION NO./CLOSING DATE/If not in response to a program announcement/solicitation enter NSF 00-2 FOR NSF USE ONLY 
NSF 00-2 NSF PROPOSAL NUMBER 
  
FOR CONSIDERATION BY NSF ORGANIZATIONAL UNIT(S) (Indicate the most specific unit known, i.e., program, division, etc.) 
 
 
EEC - ENGINEERING RESEARCH CENTERS  
DATE RECEIVED NUMBER OF COPIES DIVISION ASSIGNED FUND CODE DUNS #  (Data Universal Numbering System) FILE LOCATION 
    005309844  
EMPLOYER IDENTIFICATION NUMBER (EIN) OR SHOW PREVIOUS AWARD NO. IF THIS IS IS THIS PROPOSAL BEING SUBMITTED TO ANOTHER FEDERAL 
TAXPAYER IDENTIFICATION NUMBER (TIN)  A RENEWAL 
 
AGENCY?     YES  NO    IF YES, LIST ACRONYM(S) 
42-6004224  AN ACCOMPLISHMENT-BASED RENEWAL    
 
      
  
NAME OF ORGANIZATION TO WHICH AWARD SHOULD BE MADE ADDRESS OF AWARDEE ORGANIZATION, INCLUDING 9 DIGIT ZIP CODE 
Iowa State University Iowa State University 
  
        
AWARDEE ORGANIZATION CODE (IF KNOWN) 1138 Pearson 
0018697000 Ames, IA 50011-2207 
  
        
NAME OF PERFORMING ORGANIZATION, IF DIFFERENT FROM ABOVE ADDRESS OF PERFORMING ORGANIZATION, IF DIFFERENT, INCLUDING 9 DIGIT ZIP CODE 
            
PERFORMING ORGANIZATION CODE (IF KNOWN)       
            
IS AWARDEE ORGANIZATION (Check All That Apply)  
(See GPG II.D.1 For Definitions)                FOR-PROFIT ORGANIZATION       SMALL BUSINESS        MINORITY BUSINESS        WOMAN-OWNED BUSINESS 
  
TITLE OF PROPOSED PROJECT NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
 [Second Annual Report for Cooperative Agreement No. EEC-0813570] 
 
 
 
 
REQUESTED AMOUNT 
 
   $3,750,000 
PROPOSED DURATION (1-60 MONTHS) 
 
12 months 
REQUESTED STARTING DATE 
 
9/1/10 
SHOW RELATED PREPROPOSAL NO., 
IF APPLICABLE 
 
 CHECK APPROPRIATE BOX(ES) IF THIS PROPOSAL INCLUDES ANY OF THE ITEMS LISTED BELOW 
  
BEGINNING INVESTIGATOR (GPG I.A.3)  
 
 VERTEBRATE ANIMALS (GPG II.D.12) IACUC App. Date        
 DISCLOSURE OF LOBBYING ACTIVITIES (GPG II.D.1) 
 
 HUMAN SUBJECTS (GPG II.D.12)  
 PROPRIETARY & PRIVILEGED INFORMATION (GPG I.B, II.D.7)         Exemption Subsection 45CFR46.101(b) or IRB App. Date 3/17/2010 
 NATIONAL ENVIRONMENTAL POLICY ACT (GPG II.D.10)   INTERNATIONAL COOPERATIVE ACTIVITIES: COUNTRY/COUNTRIES 
 HISTORIC PLACES (GPG II.D.10)  
 
 Denmark, Finland, Germany, The Netherlands 
 SMALL GRANT FOR EXPLOR. RESEARCH (SGER) (GPG II.D.12)  
 
 FACILITATION FOR SCIENTISTS/ENGINEERS WITH DISABILITIES (GPG V.G.) 
 
 RESEARCH OPPORTUNITY AWARD (GPG V.H)  
    
PI/PD DEPARTMENT PI/PD POSTAL ADDRESS 
  Chemical & Biological Engineering 1140L Biorenewables Research Laboratory Building 
PI/PD FAX NUMBER Ames, IA 50011-3270 
   
       
  515-294-1269 United States 
     NAMES (TYPED)  High Degree Yr of Degree Telephone Number Electronic Mail Address 
     
PI/PD NAME Brent Shanks PhD 1988 515-294-1895 bshanks@iastate.edu 
t          
     
CO-PI/PD Basil J Nikolau PhD 1981 515-294-9423 dimmas@iastate.edu 
          
     CO-PI/PD     
CO-PI/PD     
                                        CO-PI/PD     
                                        NSF Form 1207 (10/99)                                                                       Page 1 of 2 
  
 
Signature removed for privacy
Signature removed for privacy
Signature removed for privacy
PROJECT SUMMARY 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) 
 
Director (PI):  Brent H. Shanks, Iowa State University 
Lead Institution:  Iowa State University 
Core Partner Institutions:  University of California – Irvine, University of New Mexico (MSI), University 
of Virginia, University of Wisconsin – Madison, W. M. Rice University 
Collaborating Institutions:  Salk Institute for Biological Studies, University of Michigan 
Foreign Partner Institutions
Intellectual Merit 
:  Åbo Akademi University, Finland; Eindhoven University of Technology, 
The Netherlands; Fritz Haber Institute of the Max Planck Society, Germany; Technical University of 
Denmark, Denmark 
The NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) will develop 
technology and the academic and industrial partnership needed to transition from the current petroleum-
based chemical industry to a renewable carbon-based industry.  The commodity chemical industry that is 
the focus of the center is critically important to many aspects of society.  Yet the current industry, which 
produces greater than 300 billion lbs/year of product in the U.S., is intrinsically unsustainable due to the 
non-renewable nature of its feedstock.  CBiRC will provide a novel environment for the research, training 
and education of a new cadre of engineers and scientists that, in turn, will generate a new paradigm for 
optimizing the transition to a biorenewable chemical industry.  The unique focus of CBiRC will be 
exploiting the integration of biocatalytic and chemical catalytic technologies to efficiently produce 
biorenewable chemicals.  CBiRC will develop a new paradigm for producing biorenewable platform 
chemicals based upon the combinatorial metabolic processes of the polyketide/fatty acid biosynthetic 
pathway.  Key biocatalysts from this pathway will be incorporated into microbial host systems to produce 
a range of polyketide/fatty acid-based platform chemicals.  These platform chemicals will then be 
converted to final chemical products using chemical catalysts specifically designed for their selective 
conversion.  By integrating biocatalysis and chemical catalysis, CBiRC will create a consolidated 
technological framework that can be used to produce a broad array of biorenewable chemicals such as 
dienes, α-olefins and diacids.  CBiRC brings together biocatalyst and chemical catalyst researchers with 
extensive experience in converting biobased feedstocks and connects them with the industrial/ innovation 
partners from the petrochemical, agricultural processing, chemical catalysis, biocatalysis, process 
licensor, and industrial chemical utilization commercial sectors for successful technology translation. 
Broader Impact 
Creating a sustainable chemical industry is a vital societal goal.  CBiRC will provide a novel 
multidisciplinary environment for the research, training and education of a new cadre of engineers and 
scientists needed to advance biorenewable chemical technology.  The expertise demands of the center 
necessitate a distributed model that also allows CBiRC to reach a geographically and culturally diverse 
student and faculty population.  The importance of biorenewables resonates with students of all ages, 
thereby creating a vibrant pool of students for the Center.  The excitement of the emerging biorenewables 
industry will be shared with pre-college students and teachers through programs developed at ISU and 
then shared more broadly through our partner institutions.  Pre-college course content will be developed 
as a joint activity between the teachers and CBiRC.  Undergraduate students will be engaged by CBiRC 
through domestic and international research experiences.  These opportunities in biorenewables will 
establish a diverse base of undergraduate students for recruitment into CBiRC graduate studies.  In 
addition to working in a multidisciplinary research environment, the graduate students will be 
educationally broadened through international research experiences, joint advising, and new curriculum 
development.  From this broad background, CBiRC graduates will have the skills needed to help bring the 
biorenewable chemicals industry to fruition. 
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PARTICIPANTS TABLES 
 
Partnering Institutions (Domestic and Foreign) 
 
Name of Institution City State / Country 
Lead Institution: 
Iowa State University Ames IA 
Core Partner Institutions: 
University of California – Irvine Irvine CA 
University of New Mexico (MSI) Albuquerque NM 
University of Virginia Charlottesville VA 
University of Wisconsin – Madison Madison WI 
W. M. Rice University Houston TX 
Affiliate/Collaborating Institutions: 
Salk Institute for Biological Studies La Jolla CA 
University of Michigan Ann Arbor MI 
Foreign Partner Institutions: 
Åbo Akademi University Turku Finland 
Eindhoven University of Technology Eindhoven The Netherlands 
Fritz Haber Institute, Max Planck Society Berlin Germany 
Technical University of Denmark Lyngby Denmark 
 
Leadership Team 
 
Position Title Name Department Institution 
Director Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Deputy Director Basil J. Nikolau Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Diversity Director Derrick K. Rollins Chemical & Biological 
Engineering 
Iowa State 
University 
Administrative 
Director 
Tonia McCarley ERC Staff Iowa State 
University 
Industrial 
Collaboration & 
Innovation Director 
Peter L. Keeling ERC Staff Iowa State 
University 
Pre-College 
Education Program 
Director 
Adah Leshem-Ackerman Ecology, Evolution & 
Organismal Biology 
Iowa State 
University 
University 
Education Program 
Director 
D. Raj Raman Agricultural & 
Biosystems 
Engineering 
Iowa State 
University 
International 
Program Director 
Abhaya K. Datye Chemical & Nuclear 
Engineering 
University of 
New Mexico 
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Leader, Thrust 1 David J. Oliver Genetics, Development 
& Cell Biology 
Iowa State 
University 
Leader, Thrust 2 Ka-Yiu San Bioengineering W. M. Rice 
University 
Co-Leader, 
Thrust 2 
Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Leader, Thrust 3 Robert J. Davis Chemical Engineering University of 
Virginia 
Co-chair, Student 
Leadership Council 
Christopher Leber Chemical Engineering 
& Materials Science 
University of 
California - Irvine 
Co-chair, Student 
Leadership Council 
Sara Davis Chemical Engineering University of 
Virginia 
 
Research Thrusts 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
Position Title Name Department Institution 
Thrust Leader David J. Oliver Genetics, Development 
& Cell Biology 
Iowa State 
University 
Thrust Co-Leader Basil J. Nikolau Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Thomas A. Bobik Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Joseph P. Noel Jack H. Skirball Center 
for Chemical Biology 
& Proteomics 
Salk Institute for 
Biological 
Studies 
Faculty Investigator Eran Pichersky Molecular, Cellular & 
Developmental Biology 
University of 
Michigan 
Faculty Investigator Peter J. Reilly Chemical & Biological 
Engineering 
Iowa State 
University 
 
Thrust 2 – Microbial Metabolic Engineering 
Position Title Name Department Institution 
Thrust Leader Ka-Yiu San Bioengineering W. M. Rice 
University 
Thrust Co-Leader Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator / 
Thrust Management 
Nancy A. Da Silva Chemical Engineering 
& Materials Science 
University of 
California - Irvine 
Faculty Investigator Julie A. Dickerson Electrical & Computer 
Engineering 
Iowa State 
University 
Faculty Investigator Ramon Gonzalez Chemical & 
Biomolecular Eng. 
W. M. Rice 
University 
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Faculty Investigator Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Suzanne B. Sandmeyer Biological Chemistry University of 
California - Irvine 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
 
Thrust 3 – Chemical Catalyst Design 
Position Title Name Department Institution 
Thrust Leader Robert J. Davis Chemical Engineering University of 
Virginia 
Thrust Co-Leader Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Ib Chorkendorff Physics Technical 
University of 
Denmark 
Faculty Investigator Abhaya K. Datye Chemical &Nuclear 
Engineering 
University of 
New Mexico 
Faculty Investigator James A. Dumesic Chemical Engineering University of 
Wisconsin - 
Madison 
Faculty Investigator George A. Kraus Chemistry Iowa State 
University 
Faculty Investigator Richard C. Larock Chemistry Iowa State 
University 
Faculty Investigator Dmitry Murzin Chemical Engineering Åbo Akademi 
University 
Faculty Investigator Matthew Neurock Chemical Engineering University of 
Virginia 
Faculty Investigator Hans Niemantsverdriet Chemical Engineering 
& Chemistry 
Eindhoven 
University of 
Technology 
Faculty Investigator Robert Schlögl Inorganic Chemistry Fritz Haber 
Institute, Max 
Planck Society 
Faculty Investigator L. Keith Woo Chemistry Iowa State 
University 
 
Life Cycle Assessment Support Area 
Position Title Name Department Institution 
Thrust Leader Robert P. Anex Agricultural & 
Biosystems Eng. 
Iowa State 
University 
Faculty Investigator D. Raj Raman Agricultural & 
Biosystems Eng. 
Iowa State 
University 
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Other Non-University Partners 
 
Pre-College Institutions 
Name of Organization City State / Country 
Ames High School Ames IA 
Des Moines Public School District, including: 
• Brody Middle School 
• Callanan Middle School 
• East High School 
• Goodrell Middle School 
• Harding Middle School 
• Hoover High School 
• Meredith Middle School 
• Roosevelt High School 
Des Moines IA 
Heartland (Iowa) Area Education Agency 11 Johnston IA 
National Commission on Teaching and 
America’s Future (NCTAF) 
Washington DC 
 
Innovation Partners 
Name of Organization City State / Country 
Cimarron Capital Partners 
(manages the Iowa Fund of Funds) 
Des Moines IA 
Equity Dynamics Des Moines IA 
IllinoisVentures, LLC Chicago IL 
Khosla Ventures, LLC Menlo Park CA 
Kleiner Perkins Caulfield & Byers Menlo Park CA 
Mayfield Fund Menlo Park CA 
Pappajohn Center for Entrepreneurship 
(at Iowa State University) 
Ames IA 
 
Advisory Boards 
 
Industrial Advisory Board 
Name Title Department / Division Institution or Firm 
Mitchell D. Refvik, 
Chair 
Lead Senior Research 
Chemist 
Specialty Chemistry & 
Product Development 
Chevron Phillips 
Chemical 
Company, LLC 
Frank Barresi Vice President, Product 
Research & Development 
 Grain Processing 
Corporation 
Oswaldo da Costa e 
Silva 
Director, Research & 
Development 
New Business 
Development 
DSM 
Steve Di Biase Chief Scientific Officer  Elevance 
Renewable 
Sciences, Inc. 
CBiRC Second Annual Report
Volume I vi April 7, 2010
Keith McCall Senior Scientist Novozymes North 
America, Inc. 
Novozymes 
Mark Stowers Vice President, R&D  POET, LLC 
 
Scientific Advisory Board 
Name Title Department / Division Institution / Firm 
Michael Burkart Assoc. Professor Chemistry & 
Biochemistry 
University of 
California - San 
Diego 
Michael Domach Professor Chemical Engineering Carnegie Mellon 
University 
Bruce Gates Professor Chemical Engineering 
& Materials Science 
University of 
California, Davis 
Joseph Jez Principal Investigator  Donald Danforth 
Plant Science 
Center 
Chaitan Khosla Wells H. Rauser and 
Harold M. Petiprin 
Professor and Chair 
Chemical Engineering Stanford 
University 
James C. Liao Chancellor’s Professor Chemical & 
Biomolecular 
Engineering 
University of 
California - Los 
Angeles 
Leo E. Manzer President  Catalytic Insights, 
LLC 
Gregory 
Stephanopoulos 
Bayer Professor of 
Chemical Engineering 
Chemical Engineering Massachusetts 
Institute of 
Technology 
 
Deans’ Council 
Name Title Department / Division Institution / Firm 
Jonathan Wickert Dean College of Engineering Iowa State 
University 
Rafael L. Bras Dean The Henry Samueli 
School of Engineering 
University of 
California - Irvine 
Arup K. Maji Interim Dean School of Engineering University of 
New Mexico 
James H. Aylor Dean School of Engineering 
& Applied Science 
University of 
Virginia 
Paul S. Peercy Dean College of Engineering University of 
Wisconsin - 
Madison 
Sallie Ann Keller William & Stephanie 
Sick Dean 
George R. Brown 
School of Engineering 
W. M. Rice 
University 
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Student Leadership Council 
Name Title Department / Division Institution / Firm 
Christopher Leber, 
Co-chair 
Doctoral Student Chemical Engineering 
& Materials Science 
University of 
California - Irvine 
Sara Davis, Co-chair Doctoral Student  Chemical Engineering University of 
Virginia 
Jason Anderson Doctoral Student Chemical & Biological 
Engineering 
Iowa State 
University 
Travis Cordes Undergraduate 
Student (Senior) 
Chemistry Iowa State 
University 
Shivani Garg Doctoral Student Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Jonathan Hurst Doctoral Student Genetics, Development 
& Cell Biology 
Iowa State 
University 
Marna Yandeau-Nelson 
(Mentor) 
Associate Scientist Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
Huilin Zhu Doctoral Student Biochemistry, 
Biophysics & 
Molecular Biology 
Iowa State 
University 
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1. Systems Vision and Value Added of the Center 
 
1.1. Systems Vision 
 
In the U.S., the production of industrial chemicals is a $400 billion-plus enterprise that 
impacts all aspects of society from personal care products to building materials.  Unfortunately, 
this vital industry is not self-sustaining; its long-term future is predicated on transitioning from 
current nonrenewable, petroleum feedstocks to renewable biobased feedstocks.  The 
development of conversion technologies needed to facilitate this transition is the focus of the 
NSF Engineering Research Center for Biorenewable Chemicals (CBiRC). 
CBiRC will provide a novel environment for the research, training and education of a new 
cadre of engineers and scientists that, in turn, will generate a new paradigm for optimizing the 
integration of biocatalyst and chemical catalyst systems for the biorenewable chemical industry. 
CBiRC will conduct fundamental research that will address underlying technical challenges of 
developing integrated catalytic systems for converting biobased feedstocks into industrial 
chemicals.  These fundamental research activities will facilitate a paradigm shift in the industrial 
chemical industry as it transitions from petroleum-based feedstocks to biobased renewable 
feedstocks.  The vision statement for the center is: 
 
CBiRC will transform the chemical industry by integrating biological and 
chemical catalysis to create a generalized framework for producing biorenewable 
chemicals.  CBiRC will provide educational programs that attract a diverse set of 
students into the engineering field, and produce a new cadre of globally-
competitive college graduates capable of designing integrated chemical/ 
biological processing systems. 
 
A major impediment to moving from single-use carbon or petroleum feedstocks to multi-use 
carbon or biorenewable feedstocks is the high efficiency associated with current chemical 
production processes.  This efficiency is the cumulative optimization of petrochemical catalysts 
over the past 60 years.  In contrast, the production of industrial chemicals from biorenewable 
feedstocks is in its infancy, and significant technological developments of new bio- and chemical 
catalytic systems are required.  These new catalyst paradigms are needed to accomplish chemical 
conversion processes from highly functionalized substrates inherent in biobased feedstocks. This 
contrasts with the current low functionality of petroleum-based feedstocks (i.e., ethylene, 
propylene, and benzene).  These new paradigms will necessitate educating and training engineers 
and scientists who can look beyond conventional chemical production approaches. 
Unlike the transportation fuels market, which has a limited number of products, the chemical 
industry has a broad array of smaller volume products and thus requires a broader technology 
base than the fuels industry.  In turn, this places a higher premium on technology development.  
In 1996, chemicals were a bright spot in U.S. trade with net chemical exports of almost $20 
billion.  However, the ensuing 10 years saw the U.S. turn from net exporter to net importer of 
chemicals.  This dramatic change is due to the increased fungibility of petrochemical technology; 
new grassroots plant capacity is only being built close to the petroleum feedstock sources, which 
are largely offshore.  Transforming the chemical industry to utilize biorenewable feedstocks 
provides the opportunity to reverse this trend.  CBiRC will address the developments needed for 
industrial chemical production from biobased feedstocks. 
CBiRC Second Annual Report
Volume I 1 April 7, 2010
The intellectual basis for CBiRC arises from two important concepts; a) development of 
efficient conversion processes for producing chemicals from biorenewable feedstocks must 
synergistically draw from both biocatalysis and chemical catalysis technology, and 
b) transforming the chemical industry from petrochemicals to biorenewable chemicals will 
require a generalized framework that can produce a range of chemicals from a common 
technological basis.  While biocatalysts and chemical catalysts can both be utilized to convert 
biorenewable feedstocks, the lack of integration between these technology areas limit the 
potential to create economically viable alternative routes to chemicals.  Currently, each of these 
catalysis technology communities works in isolation from the other.  Additionally, companies 
with expertise in biocatalysis typically have limited expertise in chemical catalysis and vice 
versa.  There is a need to bring expertise from both of these areas to create efficient biorenewable 
chemical processes.  CBiRC will provide a centralized location for biocatalyst and chemical 
catalyst researchers and industries. 
The second key concept for CBiRC is the development of a generalized framework that is 
capable of being exploited to make a range of chemicals.  An important aspect of the efficiency 
of the current petrochemical industry is the fact that it is primarily based on three building 
blocks, which are ethylene, propylene, and benzene.  Significant efficiencies are created for the 
petrochemical production systems due to this building block framework.  In contrast, there is 
significant research ongoing through the U.S. and the world that is aimed at developing 
technology that targets one or two biorenewable chemicals at a time.  Unfortunately, this 
approach is quite costly and slow, as it requires all of the investment in time and money for one 
chemical at a time.  At the heart of CBiRC is an alternative combinatorial metabolic-based model 
that will be flexible in its capacity to generate a series of platform chemicals that, being 
composed of more reduced carbon species, will have more desirable functionalities. 
 
Response to Major Weaknesses and Threats from Prior Site Visit Reports 
 
A key weakness/threat to the systems vision that was expressed in the last site visit SWOT 
analysis was the understanding of the role of test beds in research and technology transfer. 
 
We feel the integrated test beds within CBiRC have two important development steps that 
relate to research and technology development.  First, we must be able to demonstrate that 
sufficient efficiency is possible out of the biological portion of the test bed and chemical portion 
of the test bed such that when combined it is at least feasible to have an integrated production 
test bed that is economically viable.  This first step of the test bed development can be performed 
with model feeds, since the goal is to determine feasibility.  The second aspect of the integrated 
test bed development is to then integrate the biological and chemical steps.  In this step of the 
work-plan, the actual product from the biological step will be used as the feedstock for the 
chemical step that was developed with the model feed.  Thus, the “real product” from the 
fermentation step will be used in a chemical reactor creating an integrated system.  During this 
part of the technology development, the role of impurities in the production system becomes 
very important, and there may be a need to modify either the biological step or chemical step to 
handle these impurities.  We feel this two-step development process for the integrated test beds 
within CBiRC is the best approach for connecting to technology transfer, as the process is 
consistent with how chemical processes are developed for commercial application. 
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1.2. Value Added and Broader Impacts 
 
Research 
 
Engineered Systems-level Approach and Advances 
As described in the previous section, CBiRC provides a single center in which biocatalysis 
and chemical catalysis researchers are working in concert.  While one can commonly create a 
chemically-viable route to produce a specific biorenewable chemical using only a biocatalytic or 
a chemical catalytic conversion pathway, the high efficiency of the current petrochemical 
production system requires that any competing process based on a biorenewable feedstock must 
be extremely efficient to be economically viable.  Meeting this efficiency hurdle will require 
exploiting the collective strengths of both biocatalysts and chemical catalysts while avoiding 
their weaknesses.  This objective can only be achieved when the biocatalysis and chemical 
catalysis researchers are directly comparing and integrating the conversion approaches.  The 
ability to bring together expertise in both of these areas cannot be achieved in single investigator 
grants.  In fact, combined expertise in both of these areas rarely exists even within large 
companies.  Therefore, CBiRC creates the unique opportunity to synergistically develop efficient 
biocatalyst/chemical catalyst systems for producing biorenewable chemicals. 
The prevailing approach for developing biorenewable chemicals to replace petrochemicals 
relies on targeting one or two chemicals at a time.  This serially based approach is inherently 
expensive and time consuming.  The second engineered systems-level approach underpinning 
CBiRC is the creation of a generalized production framework that can lead to a large range of 
different chemicals.  This expansive vision, which differentiates CBiRC from any other 
organization, can only be accomplished through an activity that is at least as large as a center.  
The generalized production framework being developed by CBiRC depends on the creation of a 
common metabolic pathway leading to intermediate chemicals that are subsequently converted to 
the chemical product using chemical catalysts.  Two of the center’s research thrusts (Thrust 1 – 
New Biocatalysts for Pathway Engineering and Thrust 2 – Microbial Metabolic Engineering) 
will focus on exploiting the fatty acid/polyketide synthesis pathway in microbial hosts to create 
the common metabolic pathway, while the third research thrust (Thrust 3 – Chemical Catalyst 
Design) will focus on developing a general chemical catalyst “tool chest” for conversion of the 
biocatalyst-derived products. 
The first two test beds provide examples of how the research thrusts will be integrated to 
efficiently produce biorenewable chemicals. One test bed involves the microbial-based 
production of methylketones that are subsequently hydrogenated/dehydrated by chemical 
catalysts to dienes.  The second integrative test bed will produce short- to medium-chain fatty 
acids via microbes followed by decarboxylation to α-olefins with a chemical catalyst.  Two new 
integrated test beds are also being evaluated, including biological production of pyrones with 
subsequent chemical conversion to aromatics or bifunctional molecules, and biological 
production of bifunctional intermediates with chemical conversion to α,ω-functionalized 
molecules. 
 
Research Productivity 
The second year review of CBiRC covers work from March 1, 2009, to February 28, 2010, 
which represents months 7 through 18 of operation for the center.  Key progress was made on the 
original two test beds.  In the α-olefin test bed, a database organizing the known thioesterases 
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was completed, which provides a basis for identifying thioesterases that can terminate the fatty 
acid elongation process at shorter chain fatty acids.  E. coli strains have been constructed and 
characterized that have yielded 2.7 g/L of fatty acids even without optimization.  Three different 
approaches to fatty acid synthesis in S. cerevisiae have been initiated.  Progress in developing a 
chemical catalyst approach to decarboxylating fatty acids selectively to α-olefins has led to an 
invention disclosure for a catalyst system.  For the diene test bed, novel methylketone synthases 
have been discovered and characterized.  This work was featured with a cover in Plant 
Physiology (December, 2009) and has led to a patent application.  The methylketone synthases 
genes have been successfully cloned into E. coli with production of methylketones observed.  
Extensive computational and experimental work on chemical catalysts for selective 
hydrogenation of the carbonyl group rather than the unsaturated group in methylvinyl ketone has 
been completed.  These results demonstrate that this conversion is not energetically favorable.  
Therefore, we are in the process of evaluating the viability of our approach in the diene test bed.  
During the past year, CBiRC faculty members have published 28 manuscripts pertaining to the 
research and technology efforts of the center (core/associated projects).  We have also begun to 
establish IP, as 2 patents and 3 additional invention disclosures were filed in the reporting year. 
 
Education Outcomes 
 
CBiRC believes that the characteristics desired of an innovative, adaptive, and creative 
engineer are as follows: 
 They will possess a deep understanding of fundamental principles honed by hands-on 
experiences in design courses, in the lab, and/or in industrial internship settings. These 
experiences and understanding of fundamental principles will make them willing and critical 
experimenters who are forever improving the systems on which they work. 
 They will have had a cross-disciplinary education that includes sufficient breadth that allows 
serious consideration of alternative solutions. In the context of CBiRC, this means that they 
will be able to see the wide-ranging potential for both chemical and biological catalysis for 
the production of biorenewable chemicals. 
 They will understand that economic and environmental constraints are absolutely central to 
the practice of engineering, and will be capable of evaluating their work on the basis of 
economic and environmental criteria. 
 They will have a sense of purpose – that the work at hand is important to humanity’s future. 
This will be engendered by exposure to broader issues of sustainability and global ethics. 
 
Developing an ERC Culture 
A CBiRC “All Student” survey was performed in June, 2009, to assess the development of 
an ERC culture. Thirty-four of 35 (97%) respondents agreed that their involvement in CBiRC 
helped them see the potential for both chemical and biological catalysis for the production of 
biorenewable chemicals.  Thirty of 35 (86%) respondents agreed that their involvement in 
CBiRC (1) helped them understand the importance of economic constraints on engineering 
decisions and the potential environmental impact of their work and (2) provided them with 
opportunities to engage in learning about broader issues of sustainability and to work in an 
interdisciplinary research setting. Most respondents felt that they were members of the CBiRC 
community.  Collaboration in large research and exposure to interact and network with a diverse 
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group of students and scientists outside one’s own discipline was regarded by respondents as the 
major benefit of participating in the CBiRC interdisciplinary and cross-university research. 
 
Curricular and Interdisciplinary Impacts 
CBiRC will affect the curriculum, as a new 14-credit hour graduate minor in biorenewable 
chemicals has been approved at ISU.  A key combined chemical catalysis/biocatalysis course in 
the minor is being taught Spring semester, 2010, with students from ISU, New Mexico and 
Virginia all participating.  An interdisciplinary chemical industry course is scheduled to be 
taught in the Fall term, 2010.  We are now focusing on how best to disseminate the minor to the 
partner schools in the upcoming year. 
 
Pre-College Program Impacts on Pre-College Students, Classrooms, and Teachers 
The CBiRC RET and Middle School Science Teacher Summer Academy were initiated 
during Summer, 2009.  Six high school and five middle school teachers from the Des Moines 
Public School District participated in the RET and Summer Academy programs, respectively.  
Both programs included curriculum development activities for teachers to take back to their 
classrooms.  Additionally, CBiRC worked with the National Commission on Teaching and 
America’s Future (NCTAF) to develop a science teacher Professional Learning Community in 
the Des Moines Public School District to support implementation of the curriculum that was 
developed, as well as to develop critical connections between the middle school and high school 
teachers.  The Pre-College Education Program Director visited both U-NM and Rice to begin the 
process of connecting CBiRC pre-college efforts to those partners. 
 
Industrial Collaboration and Technology Transfer Interactions 
 
Role of Industry/Practitioners 
CBiRC is targeting six technology sectors as potential member companies that are essential 
for moving biorenewable chemical technology forward, including petrochemical producers, 
agricultural product processors, chemical catalyst providers, biocatalyst providers, process 
licensors, and industrial chemical users.  Industry memberships are scaled by the size of the 
company as well as rights to IP from CBiRC (details provided in section 4).  The role of the 
member companies will have seven dimensions: 1) guidance on selection of the chemical 
product targets; 2) guidance on the research program in the center, both formally through 
interactions with the faculty researchers and informally through interactions with the students; 
3) performing an annual SWOT analysis of CBiRC; 4) evaluation of IP generated by the center, 
5) development of member-specific research projects (supported by separate funds from the 
members); 6) providing a means for technology transfer both through IP translation and student 
internships; and 7) supporting CBiRC through annual membership fees.  Monthly 
teleconferences are held with the member companies for ongoing guidance to the center.  
Additionally, an extensive interaction is formally scheduled as part of the CBiRC center-wide 
working meeting that is held in the Fall of each year.  All of the research faculty and their 
students attend these meetings; the first such meeting was held October 5-6, 2009.  The SWOT 
analysis will be performed annually prior to the site visit. 
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Technology Transfer Approach 
Technology will be translated to commercial application through three avenues: 1) directly to 
an established member company; 2) in collaboration with an existing start-up company; or 
3) through the establishment of a new start-up company.  The means of handling technology 
transfer to an established company will be through direct IP licensing or through collaborative 
projects.  We have four membership levels for the center, including a start-up company 
membership.  The start-up company members will provide an opportunity for technology 
translation, as they will be intimately aware of the technology being developed by CBiRC, and 
they have experience in innovated technology translation.  Therefore, recruiting start-up 
companies that have connection to the technologies being developed by CBiRC continues to be a 
key aspect of our technology translation.  The third approach for technology translation will be 
through creation of a new start-up company.  We are fortunate that several of the CBiRC faculty 
have experience with this activity.  Additionally, we will use our innovation partners for 
entrepreneurship education for our students as well as support for establishment of start-up 
companies.  We have initiated relationships with six Venture Capital companies to aid us in this 
approach. 
 
Team and Its Diversity 
 
Interdisciplinary Composition of the CBiRC Team 
The overall CBiRC research team is composed of disciplinary experts from chemical 
engineering, chemistry, biochemistry, biology, genetics, electrical engineering, agricultural 
engineering, and microbiology and represent faculty from both the biocatalysis and chemical 
catalysis communities.  Each research thrust includes experts from at least two disciplines, so the 
interdisciplinary efforts are across the center as well as within the individual research thrusts. 
 
Progress on Participation of Underrepresented Groups 
Through the first year RET and Middle School Science Teacher Summer Academy 
programs, CBiRC is building strong ties to the Des Moines Public School District that has a high 
enrollment of underrepresented groups. The CBiRC Pre-College Education Program Director 
traveled to U-NM and Rice to begin to coordinate pre-college education efforts with those 
universities. One outcome was CBiRC support to an RET proposal that was submitted by U-NM.  
We participated in national activities with the Society of Women Engineers (SWE) and the 
National Organization for Black Chemists and Chemical Engineers (NOBCChE) that led to 
applications from underrepresented groups to both our REU and graduate programs.  An 
incoming undergraduate student from Iowa State University’s Summer Program for Enhancing 
Engineering Development (SPEED), which provides bridging opportunities from high school to 
college for underrepresented students, participated in our REU program.  Two SPEED students 
will be in the REU program this coming summer. 
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Table 1.  Quantifiable outputs.
Outputs
Early 
Cumulative 
Total [1]
Sep 1, 2008 - 
Feb 28, 2009
Sep 01, 2009 - 
Feb 28, 2010
All 
Years
Publications That Result from Center Support
0 0 4 4
0 0 0 0
0 0 0 0
0 0 4 4
Co-authored with ERC Students 0 0 2 2
Co-authored with Industry 0 0 0 0
With Authors from Multiple Engineering 
Disciplines 0 0 0 0
With Authors from Both Engineering and non-
Engineering Fields 0 0 1 1
with authors from multiple institutions 0 0 1 1
Publications That Result from Associated Projects in the Strategic Plan
0 6 24 30
0 0 0 0
Publications Resulting From Sponsored Projects
N/A 0 0 0
N/A 0 0 0
Participating Industrial and Practitioner Organizations
0 5 6 11 [2]
0 2 0 2 [2]
0 2 2 4 [2]
ERC Technology Transfer
0 0 3 3
0 0 2 2
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Degrees to ERC Students
0 0 1 1
0 0 1 1
0 0 0 0
ERC Graduates Hired by
0 0 1 1
ERC Member Firms 0 0 0 0
Other U.S. Firms 0 0 1 1
Other Foreign Firms 0 0 0 0
0 0 0 0
0 0 1 1
0 0 0 0
0 0 0 0
Other
Affiliates
Contributing Organizations
Undecided/Still Looking/Unknown
Government
Academic Institutions
New Surgical and other Medical Procedures 
Bachelor's Degrees Granted
Master's Degrees Granted
Estimated Number of Spin-off Company Employees
Inventions Disclosed (submitted to agencies by 
Patent Applications Filed
In Peer-Reviewed Technical Journals
In Peer-Reviewed Conference Proceedings
In Trade Journals
Members
With Multiple Authors:
In Peer Reviewed Technical Journals
In Peer Reviewed Conference Proceedings
In Peer-Reviewed Technical Journals
In Peer-Reviewed Conference Proceedings
Patents Awarded
Spin-off Companies Started
Licenses Issued
Doctoral Degrees Granted
Building Codes Impacts
Technology Standards Impacts
Industry:
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ERC Influence on Curriculum
0 0 0 0
0 0 4 4
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Active Information Dissemination/Educational Outreach
0 1 12 13
N/A 10 469 479
0 26 18 44
0 0 12 12
0 0 333 333
0 0 45 45
0 0 2 2
0 0 100 100
0 0 25 25
Personnel Exchanges
0 0 0 0
0 0 0 0
0 0 0 0
[1] For Centers in operation for more than five years.
[2] Cumulative count of Individual Firms/Organizations may not equal the sum across all years.
ERC Sponsored Educational Outreach Events for 
Community College or Undergraduate students 
New courses based on ERC research that have 
been approved by the curriculum committee and are 
currently offered [4]
Free-Standing Course Modules or Instructional CDs
New Textbook Chapter Based on ERC Research
Currently offered, on-going courses with ERC 
ERC Sponsored Educational Outreach Events for K-
New full degree programs based on ERC research
New degree minors or minor emphases based on 
[4] New  courses currently offered and approved by the curriculum committee are only counted in the f irst year that they are 
offered so there is no multiple counting of these courses.
[3] For years prior to 2009, the values include  ‘Workshops and short courses to industry’ and 
‘Workshops and short courses to non-industry groups’
Number of students that attended activity
Number of teachers that attended activity
Number of students that attended activity
Member Firm Personnel Working at ERC
Student Internships in Industry
Faculty Working at Member Firm
Number of faculty that attended activity
New certificate programs based on ERC research
Workshops, Short Courses, and Webinars [3]
Seminars, Colloquia, Invited Talks, etc. 
New Textbooks Based on ERC Research
Number of participants that attended activity
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 Table 1a.  FY2009 average metrics benchmarked against all active ERC's and the Center's tech sector.
Average All Active 
ERC's FY2009
Average Energy 
Sector FY2009
Average for Class 
of 2008 - FY 2009
Center for 
Biorenewable 
Chemicals at Iowa 
State University 
Total
Center for 
Biorenewable 
Chemicals at 
Iowa State 
University Total
(20 ERC's) (4 ERC's) (5 ERC's) FY2009 FY2010
18 22 9 5 6
Small 38% 51% 55% 20% 17%
Medium 14% 14% 4% 20% 17%
Large 49% 35% 40% 60% 67%
1 1 0 0 0
19 22 9 5 6
1 1 1 2 0
1 1 1 2 2
Total Membership Fees Received $187,068.00 $286,848.00 $91,778.00 $205,000.00 $100,000.00
$3,569,092.00 $4,982,072.00 $4,627,057.00 $4,066,000.00 $6,466,718.00
NSF 68% 67% 70% 80% 88%
Industry 7% 8% 2% 5% 2%
Other Federal 0% 0% 0% 0% 0%
Academic 21% 16% 19% 15% 10%
State 2% 4% 3% 0% 0%
Other 2% 6% 5% 0% 0%
Associated Project Support $2,511,682.00 $1,166,262.00 $744,148.00 $1,241,273.00 $6,772,681.00
579 998 156 104 326
Leadership Team [7] 7 13 16 14 16
Faculty [2] [4] 20 37 39 29 32
Graduate Students [2] 53 111 64 43 83
Undergraduate Students [2] 68 40 20 6 30
REU Students 6 6 5 0 6
K-12 Teachers [3] 109 5 21 18 63
K-12 Students [3] 1,437 665 130 4 337
Faculty that attended ERC Sponsored Educational 
Outreach Events [3] 2 11 3 0 25
Community College or Undergraduate students that 
attended ERC Sponsored Educational Outreach 
Events [3] 26 128 11 0 100
% Women [5] [6] 29% 20% 22% 29% 31%
% Underrepresented Racial Minorities [5] [6] 11% 9% 13% 3% 3%
% Hispanic [5] [6] 9% 5% 5% 15% 12%
Average Average Average Total Total
In Peer Reviewed Technical Journals 23 6 12 0 4
In Peer Reviewed Conference Proceedings 29 17 8 0 0
Multiple Authors: Co-Authored With ERC Students 32 17 6 0 2
Multiple Authors: Co-Authored With Industry 4 2 1 0 0
Average Average Average Total Total
Invention Disclosures 4 2 1 0 3
Patent Applications 4 1 0 0 2
Patents Awarded 2 0 0 0 0
Licenses (patents, software) 3 0 1 0 0
Average Average Average Total Total
New Courses Developed 1 2 1 0 0
Currently offered, on-going courses with ERC content 10 5 13 0 4
New Full Degree Programs 0 0 0 0 0
New degree minors or minor emphases 0 0 0 0 0
New certificate programs based on ERC research 0 0 0 0 0
[1]
[2] Includes total ERC Personnel from table 7.
[3] Includes participant values from Table 1 Quantifiable Outputs.
[4] Includes Directors, Education Program Leaders, Thrust Leaders, Senior Faculty, Junior Faculty, and Visiting Faculty from table 7.
[5] These data do not include K-12 Student or Teacher Participants in the percentage calculations. Demographic data are not collected for K-12 Student or
 Teacher Participants.  We only collect the total number of K-12 Student and Teacher Participants.
[6] The percentage calculations are based on the following categories of Personnel only:
 Faculty, Graduate Students, Undergraduate Students, REU Students, Directors, Thrust Leaders, 
 Research Thrust Management & Strategic Planning, Administrative Director, and Industrial Liasion Officer.
[7] Includes Directors, Thrust Leaders, Education Program Leaders, Research Thrust Management & Strategic Planning, Administrative Director, and
 Industrial Liasion Officer.
Metric
Industrial Member Firms
Direct Sources of Support [1]
Non-Industry Sector Firms
Affiliate Organizations
Contributing Organizations
Total Member Organizations
Includes new support (unrestricted cash, restricted cash, and in-kind donations) from table 9 only. Residual funds carried over from 
previous years are not included in benchmarking figures. 
Intellectual Property
Education and Outreach Outputs
ERC Personnel & Educational Participants[2] [3]
Publications
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1.3. Highlights of Significant Achievements and Impacts 
 
Learning 
 
Science Teacher Professional Learning Community 
CBiRC and the Des Moines Public School District have joined forces with the National 
Commission on Teaching and America’s Future (NCTAF) to bridge the gap between middle and 
high school science programs by enhancing communication between science teachers across 
grades and schools in the district. This addresses NCTAF’s goal of creating and sustaining well-
focused learning communities, as well as CBiRC’s mission to enhance pre-college science 
education. The Des Moines school district has committed to this endeavor by providing science 
and math teachers 90 minutes twice a month to concentrate on developing a science teacher 
Professional Learning Community (PLC). The potential impact of improved STEM experiences 
in this district is significant, because the Des Moines Public School District is the largest school 
district in Iowa, serving a large and growing underrepresented minority population. The program 
fits CBiRC’s philosophy of providing pre-college educational outreach that meets the needs of 
the district by collaborating with teachers and administrators in structuring these outreach 
activities. The program was catalyzed by teachers who participated in CBiRC’s first-year 
summer pre-college professional development program. These teachers identified the disconnect 
between the middle and high schools and between teachers, which led to CBiRC recommending 
the PLC in cooperation with NCTAF. The PLC will also allow participation by CBiRC scientists 
and engineers and Iowa State University K12 curriculum and instruction experts. The scientists 
and engineers will exemplify the interdisciplinary research effort underway at CBiRC, and the 
curriculum and instruction specialists will help teachers create an authentic student assessment 
strategy. 
  
Fig. 1.1.  Des Moines science teachers at their first Professional 
Learning Community meeting facilitated by NCTAF. 
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Discovery 
 
Genes for Methylketone Production in E. coli 
Graduate students Geng Yu and Yongxia Guo, and postdoc Thuoung Nguyen, in the 
Pichersky and Noel labs at U-MI and Salk, respectively, have discovered and characterized a 
new pair of biocatalysts; namely, methylketone synthases 1 and 2 (MKS1 and MKS2), which 
will have multiple applications in CBiRC test beds.  The primary significance of the MKS 
enzymes is that they offer a novel mechanism by which the elongation processes of fatty acid 
synthesis can be terminated early, at shorter chain lengths.  These enzymes act on 3-ketoacyl-
ACP intermediates of fatty acid synthesis and convert them to molecules of odd-number of 
carbon atoms, and containing a carbonyl-group functionality (Figure 1.2).  Moreover, these 
enzymes generate such molecules that also contain a double bond in a specific position that has 
specific application in 
CBiRC’s diene test bed 
(Fig. 1.2).  Publication of 
the first part of this 
pioneering work (Ben-
Israel et al., 2009) was 
featured on the cover of 
the December issue of the 
journal Plant Physiology 
(Figure 1.3), and a second 
manuscript has just been 
submitted (Geng et al., 2010). 
This discovery was the result of the Pichersky 
group’s curiosity in the biosynthesis of plant volatile 
compounds, which are the compounds that provide the 
natural world’s many smells and flavors.  Many of 
these are produced in specialized plant organs or 
glands, called “trichomes,” found on the surface of 
leaves and stems. The trichomes of the wild tomato 
species Solanum habrochaites subspecies glabratum 
synthesize and store large quantities of several 
methylketones, primarily 2-tridecanone and 
2-undecanone, for defense against insects. Genomic 
approaches were used to identify two genes, designated 
MKS1 and MKS2. Expression of MKS2 in E. coli cells 
resulted in the formation of considerable amounts of 
3-ketoacids, indicating that ShMKS2 acts as a 
thioesterase capable of hydrolyzing 3-ketoacyl-ACPs. 
The released 3-ketoacid subsequently undergoes 
spontaneous decarboxylation at a low rate to give 
2-methylketones, but the co-expression of MKS1 
together with MKS2 in E. coli led to a several-fold 
increase in methylketone production, indicating that 
MKS1 acts as an efficient decarboxylase. 
 
 
Fig. 1.2.  The methylketone biosynthetic pathway. 
Fig. 1.3.  Cover of the Plant 
Physiology issue of December, 2009. 
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Publications: 
Ben-Israel I, G Yu, MB Austin, N Bhuiyan, M Auldridge, T Nguyen, I Schauvinhold, JP Noel, 
E Pichersky, E Fridman. Multiple biochemical and morphological factors underlie the 
production of methylketones in tomato trichomes. Plant Physiology 151:1952-1964 (2009). 
(Highlighted on the front cover of the journal). 
Yu G, TTH Nguyen, Y Guo, I Schauvinhold, ME Auldridge, N Bhuiyan, E Fridman, Y Iijima, 
JP Noel, E Pichersky. The enzymatic functions of the wild tomato Solanum habrochaites 
glabratum methylketone synthases 1 and 2.  Submitted. 
 
ThYme:  A Database of Enzyme Structures 
Graduate students David Cantu and Yingfei Chen in the Reilly group at ISU are interacting 
with biocatalytic specialists within CBiRC and are constructing a database (ThYme, Thioester-
active enzYmes) that catalogs and classifies these enzymes based upon their primary and three-
dimensional structures.  These enzymes are at the core of the fatty acid synthases/polyketide 
synthases that are at the heart of CBiRC’s biocatalytic technology.  ThYme will include about 
100,000 primary structures and 1,000 tertiary structures.  This database will be available to 
CBiRC researchers and associated companies, and eventually to the scientific public.  Because 
these data will be linked to many other databases, ThYme will greatly simplify CBiRC members’ 
task in gathering information on the biocatalysts they are developing for CBiRC test beds. 
 
Fig. 1.4.  Each of these panels presents tertiary structures of thioesterases 
whose different colors signify that they are members of different families not 
significantly related to each other by primary structure. The similar tertiary 
structures in each panel suggest that these enzymes descend from a distant 
common ancestor. 
CBiRC Second Annual Report
Volume I 12 April 7, 2010
Highly Efficient HMF Production from Glucose 
A key chemical intermediate that has long been a goal for biorenewable chemicals is 
5-hydroxymethyl furfural (HMF).  While a high yield route from fructose is known, the price of 
fructose is too high for a commercial process.  Much research work has focused on converting 
glucose, a much less expensive feedstock, to HMF.  However, high glucose to HMF yields have 
only been reported when ionic liquids were used as the solvent.  Unfortunately, ionic liquids 
have not been demonstrated to be practical for large scale chemical conversions.  Graduate 
students Basak Cinlar and Yomaira Pagan-Torres from the Shanks and Dumesic labs at ISU and 
Wisconsin, respectively, have demonstrated a novel bifunctional catalytic reaction system that 
has achieved high yields of glucose to HMF, where the simple biphasic solvent is water and 
butanol/methyl isobutyl-
ketone.  In this reaction 
system, glucose is directly 
converted with HMF rather 
than first being isomerized 
to fructose followed by 
dehydration to HMF.  The 
high yield conversion of 
glucose to HMF will 
translate to significant cost 
reduction for the HMF, 
opening up the opportunity 
for its conversion to a broad 
array of chemical products.  
An invention disclosure has 
been filed on the 
bifunctional catalytic 
reaction system. 
 
 
A Greener Route to α-Olefins 
Graduate student Sean Riley and undergraduate student Travis Cordes from the Kraus lab at 
ISU have developed a new synthesis route for α-olefins.  This industrial chemical, which is 
currently produced from nonrenewable based ethylene, has an annual manufacturing level of 2.5 
million pounds, making it one of the 20 largest organic chemical products in the U.S. 
Its synthesis involves the palladium catalyzed 
conversion of renewable fatty acids into α-olefins 
(Figure 1.6).  The conditions use a palladium catalyst 
with no added solvent.  High selectivity is achieved to 
an olefinic bond in the α position, even though the β 
position is energetically more favorable.  An invention 
disclosure has been filed on this catalytic reaction 
system. This conversion is a key step in CBiRC’s vision 
to combine biocatalysis with chemical catalysis, as the 
fatty acid is produced biocatalytically, and the α-olefin, 
with a chemical catalyst. 
Fig. 1.5.  A novel catalytic reaction system has been discovered 
that converts glucose directly to HMF at high yield. 
Fig. 1.6.  A high-yield conversion of 
fatty acids to α-olefins has been 
discovered. 
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2. Strategic Research Plan and Overall Research Program 
 
2.1. Strategic Research Plan 
 
The overarching goal of CBiRC is to create a broad-based technological framework that can 
establish the engineering and intellectual infrastructure to generate a flexible system for 
producing a large number of biorenewable chemicals.  This goal is in marked contrast to current 
efforts in biorenewable chemical development that target one chemical product at a time.  
Therefore, the 3-Plane Strategic Planning Chart for CBiRC shown in Figure 2.1 is enclosed 
within the biorenewable chemical industry as a means of demonstrating the broad-based 
technological framework that is the ultimate goal of CBiRC.  The basis for this framework is to 
exploit the fatty acid/polyketide acid biosynthetic pathway to generate an array of chemical 
intermediates that can be subsequently converted to industrial chemical products using chemical 
catalysts.  As shown in the figure, CBiRC anticipates that technological developments along the 
path to this broad-based framework will also create valuable deliverables such as improved 
biocatalysts and chemicals catalysts. 
 
 
Fig. 2.1.  CBiRC 3-plane strategic planning chart. 
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To achieve the technological vision for CBiRC, a number of key technical and organizational 
barriers will need to be overcome: 
 The biocatalytic machinery of the polyketide/fatty acid synthesis pathway will 
need to be understood so that it can be systematically harnessed with particular 
emphasis on terminating elongation and identifying high reaction rate enzymes. 
 Microbial systems will need to be designed that can efficiently produce reduced 
carbon chemical species by achieving high yields and toxicity tolerance. 
 Chemical catalysts will need to be designed that can selectively convert 
multifunctional substrates in the condensed phase. 
 The ability to develop synergistically biocatalysts and chemical catalysts will 
need to be demonstrated. 
 Impurity and separation issues for combined biocatalyst/chemical catalyst systems 
will need to be addressed. 
 The economic and environmental sustainability of the combined 
biocatalyst/chemical catalyst systems will need to be validated. 
Three research thrusts areas are used to organize efforts to address the key technical barriers.  
These thrusts areas are 1) new biocatalysts for pathway engineering, 2) microbial metabolic 
engineering, and 3) chemical catalyst design.  Each of these research thrust areas have key 
technical goals that will need to be achieved within the individual thrust.  Additionally, test beds 
are established that will require the technological advancements from the three thrusts to be 
integrated.  These test beds will be used to validate CBiRC’s ability to integrate across 
biocatalysts and chemical catalysts, thereby addressing a key technical and organizational barrier 
for the center.  The two initial test beds that are being examined are the production of dienes and 
α-olefins.  Since the creation of a sustainable chemical industry is an objective of the center, life 
cycle assessment research, including techno-economic evaluation, is being performed to validate 
the sustainability of the developed biocatalyst/chemical catalyst systems.  Critical milestones for 
each thrust are summarized in the following timeline for years 1 through 5. 
 
Critical Milestone Chart, Years 1-5. 
 Year 1 Year 2 Year 3 Year 4 Year 5 
T1: Biocatalyst elucidation      
T2: Microbial host development      
T2: Incorporation of new pathway into 
microbial host 
     
T3: Chemical catalyst development for 
polyketide-based intermediate 
     
T3: Chemical catalyst development for α-
olefin production 
     
T3: Translation of α-olefin catalyst 
technology to an innovation partner 
     
 
1. Identify an acyl-ACP thioesterase (TE) or methylketone synthase/thioesterase (MKS) that can “stop” the fatty 
acid biosynthetic machinery early in the elongation cycles. (fundamental plane). 
1
2
4
7
5
=  critical milestones within a thrust  =  critical integration milestones 
3
6
8
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2. Develop a microbial system for producing medium chain length fatty acids and/or methylketones using 
Escherichia coli and Saccharomyces cerevisiae. (technology plane). 
3. A novel polyketide biosynthetic biocatalyst, rationally selected from the work in Thrust 1, will be engineered 
into a microbial host system. (fundamental\technology plane). 
4. A new polyketide biosynthetic pathway in a microbial host system will be optimized and demonstrated. 
(technology plane). 
5. A chemical catalyst system that selectively converts a model 3-en-2-one molecule will be demonstrated. 
(technology plane). 
6. A new polyketide-derived 3-en-2-one molecule platform chemical will be synthesized in a microbial host 
system and the resulting chemical will be converted to the final diene product using a chemical catalyst. 
(systems level plane). 
7. A novel chemical catalyst that selectively converts fatty acids to α-olefins will be demonstrated. (technology 
plane). 
8. The α-olefin catalyst technology will be transferred to an innovation partner. (technology plane). 
 
The focus of the first five years of the center is the integrative test beds as well as 
development of the enabling technology within each research thrust to move towards the 
realization of a new comprehensive framework for producing biorenewable chemicals.  The 
technology research will be coupled with techno-economic evaluation to ensure that the 
processes being developed are economically viable.  With a nascent technology the techno-
economic evaluation will have large bars, but as the catalyst technologies are being developed 
and refined the precision of the techno-economic evaluation will steadily improve.  
While we are making good progress on the Critical Milestones for Years 1-5, two 
developments may impact these milestones.  First, initial computational results on the diene test 
bed suggest that the selective hydrogen on of 3-en-2-one molecules to 3-en-2-ol molecules is 
energetically quite difficult, which has been supported by experimental results.  As dienes are 
relatively low-value commodity chemicals, the economic viability of this test bed is not looking 
promising.  Therefore, this test bed might be discontinued.  We have begun evaluation of two 
alternative test beds, pyrone-based chemicals and bifunctional chemicals. The process of their 
development will be discussed below. 
An important premise of CBiRC is that the key mechanisms for developing synergies 
between the biocatalysis and chemical catalysis technology areas are the integrated test beds.  
Two test beds, α-olefins and 
diene, were initially identified 
and are currently undergoing 
techno-economic evaluation.  As 
we began work on these two test 
beds, including performing the 
techno-economic evaluations, we 
are establishing a pipeline to 
identify additional test bed 
candidates using the 
methodology in this figure.  
Thrust 1 researchers postulate 
additional test molecules 
intermediates that they feel are 
readily accessible from the fatty acid/polyketide pathway.  These intermediate molecule 
candidates are then evaluated by Thrust 3, with input from the IAB, to ascertain further 
conversions to desirable chemical products via chemical catalysis.  Finally, Thrust 2 evaluates 
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the theoretical production efficiency for the intermediates selected by Thrust 3.  Two additional 
test beds, pyrone-based chemicals and bifunctional chemicals, are currently being vetted through 
this process.   
The test beds proposed from the above process will be evaluated through the iterative process 
illustrated below that integrates the three thrust areas by setting development targets.  The initial 
iteration will provide for an approximate techno-economic analysis. In successive iterations, the 
level of detail increases, and life-cycle energy and environmental considerations are increasingly 
incorporated 
 
In the second five years, the focus of CBiRC will be on adding new integrative test bed 
chemical products as well as translation of the technology from CBiRC to our industrial and 
innovation partners.  While the deliverables in the first five years focus on two integrated test 
beds, dienes and α-olefins, as development of the technological underpinnings of the combined 
biocatalyst/chemical catalyst framework and enabling technologies within the individual 
research thrusts progress, the deliverables in years 6 through 10 will focus on diversifying the 
chemical products through manipulation of the fatty acid/polyketide metabolic platform with 
subsequent chemical catalyst conversion.  Shown in the chart below are the high-level activities 
and expected deliverables for years 6 through 10. 
 
Milestone Chart, Years 6-10. 
 Year 6 Year 7 Year 8 Year 9 Year 10 
T1: Product diversification      
T2: Microbial host development      
T1/T2: Incorporation of new pathways 
into microbial hosts 
     
T3: Chemical catalyst development for 
polyketide-based intermediates 
     
T1/T2/T3: Integrated conversion process 
for first chemical product 
     
T1/T2/T3: Generalized framework 
established 
     
 
 
1. Identify target compounds that can readily be produced by manipulating the fatty acid biosynthetic machinery. 
2. Develop a more efficient experimental algorithm for rapid microbial host development through integration of 
omics experiments, flux analysis, and bioinformatics with strain constructions. 
1
2
3
5
4
=  deliverables  
6
1 1
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3. Develop a general translation methodology for taking the novel polyketide biosynthetic biocatalysts discovered 
and/or developed by Thrust 1 into our microbial host systems. 
4. Develop generalized criteria for the types of intermediate products that can be efficiently converted with 
chemical catalysts to help guide biocatalyst targets. 
5. Translate first integrated biocatalyst/chemical catalysis conversion process to an innovation partner. 
6. A generalized framework with design rules is established for combining intermediate chemicals produced 
through the fatty acid/polyketide biosynthetic pathway with chemical catalyst conversion to final products. 
 
Strategically, technology will be translated to commercial application through three avenues; 
1) directly to an established large or small member company, 2) in collaboration with an existing 
start-up company, or 3) through the establishment of a new start-up company.  The means of 
handling technology transfer to an established company will be through direct IP licensing or 
through collaborative projects directly funded by a member company or group of member 
companies.  As discussed in more detail in Section 4 (Industrial/Practitioner Collaboration, 
Technology Transfer, and Innovation), we have added a third membership category for the 
center, which is a start-up company membership.  The start-up company members will provide 
an opportunity for technology translation, as they will be intimately aware of the technology 
being developed by CBiRC, and they have experience in technology translation.  Therefore, 
recruiting start-up companies that have connection to the technologies being developed by 
CBiRC is a key aspect of our technology translation strategy.  The third approach for technology 
translation will be through creation of a new start-up company.  We are fortunate that several of 
the CBiRC faculty have experience with this activity.  Additionally, we will use our innovation 
partners for entrepreneurship education for our students as well as support for establishment of 
start-up companies.  We have initiated relationships with six Venture Capital companies to aid us 
in this last approach. 
All projects in the Center, regardless of source of support, are listed by research thrust or 
support area in Table 2.  The specifics of each of these projects are discussed in Section 2.2 
(Research Program by Thrust) and the “Project Summaries” section of Volume II. 
 
SAB Comments from October, 2009 Meeting (C. Khosla, J. Liao, L. Manzer, B. Gates) 
 
The SAB congratulates CBiRC for putting on a great show and making a great start in this 
community and the broader industry.  CBiRC appears to have built a really good team and the 
SAB were pleased to see a great collaborative spirit across the entire Center.  Very good 
camaraderie was evident and the SAB saw a lot of interesting approaches that have a great deal 
of potential.  The SAB posed several key questions: 
 
Q1. CBiRC talked about formulating thoughts on products, but to what extent is CBiRC able to 
qualify product candidates with information on yields and rates (stoichiometry). Biological 
processes are inherently not very efficient, so what mechanisms have CBiRC got in place to 
qualify the value of a chemical candidate.  How does CBiRC plan to look at maximum yields and 
deliver the best approaches? 
 
As discussed above, we have introduced a process for evaluating test bed candidates and the 
question of theoretical yields for the biological processes is being addressed by Thrust 2. 
 
Q2. Everything involves reductive catalysis. While this may be very viable, has CBiRC 
considered the reverse. What about corn syrup that might make a simpler starting material. How 
CBiRC Second Annual Report
Volume I 19 April 7, 2010
do you let the biology do the hard stuff and chemistry to do the easy stuff.  What about having the 
chemistry do the first part and follow this up with biology doing the second catalytic step? This 
would still be consistent with your mandate from NSF. 
 
We do have some work ongoing in Thrust 3 that is examining chemical catalysis on existing 
bio-based substrates.  However, the object for CBiRC is to create a generalized framework that 
can be used to produce a range of chemicals.  Our feeling is that this goal is best addressed by 
diversifying from a common metabolic pathway.  The center is not large enough to consider all 
possible routes to biorenewable chemicals. 
 
Q3. Where does CBiRC see separations involved in the integration of biocatalysis and catalysis? 
Has CBiRC considered this? Some of the unusual smaller molecules may have low boiling points 
and are easily separated. The SAB sees this as a very valuable addition. The center should at 
least look up the separation chemical properties of these chemicals. They liked the research on 
catalyst stability. 
 
As we move forward in determining the economical viability of a process to make a specific 
chemical, the ability to provide a purified product will be important and could determine what 
the best approach is to use.  This question will be addressed as the technoeconomic evaluations 
become more refined with more reaction results. 
 
Q4. Has CBiRC considered high throughput screening methods for the catalysts? Rapid catalyst 
screening is frequently done in industry and is a common process. It would be good teaching to 
expose students to this. One company, Avantium are in this space and might be talked to. 
 
Rapid screening capability for the chemical catalysts would be highly desirable.  We have 
initiated discussions with Avantium, but the benefit to the cost of the equipment is still being 
discussed by CBiRC. 
 
Q5. Biocatalysis in CBiRC is involved in using expertise in fatty acid biosynthesis. Maybe this is 
unchangeable, but has CBiRC considered other biocatlaysis routes from glucose. Did CBiRC 
consider, for example, the TCA cycle?  Most of the useful biochemicals come from the TCA cycle 
or from amino acids. Maybe it is not an accident that this is the case or perhaps other platforms 
might be useful. Perhaps these other ideas would provide benchmarks for comparisons with 
other efforts ongoing in industry. 
 
We have constructed the team-based on fatty acid biosynthesis and there has been validation 
of the value of this pathway in the number of high tech companies that are exploring the pathway 
for biofuels, which would actually be a lower value product than the chemicals we are looking at.  
Certainly the fatty acid\polyketide pathway is not the only metabolic pathway that could be 
explored, but we feel it is well positioned to create an array of chemicals. 
 
Q6. The SAB would encourage CBiRC to consider fatty acids and polyketides as different 
opportunities and not as one and the same thing. Polyketide synthases are very slow enzymes. 
Thus catalytically, they are potentially a totally different case, based on the rates per minute of 
the enzymes. 
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We concur that rates are extremely important and must be considered along with selectivity 
to the desired products.  Clearly this is an important area that we will be conscious to screen for 
as we select enzymes. 
 
Q7. Has CBiRC considered bringing in process engineering folks from industry? Given how 
important the processing aspect is going to be in the future, the SAB think that this would be 
valuable with consultants a good way to go. It would be good for the students to get this 
exposure. 
 
We are exploring how best to do this and hope that we can work with our member companies 
to tap into this expertise. 
 
Q8. Has CBiRC thought about teaching a hybrid catalysis and biocatalysis course using teams 
of two faculty?  There is a real need for good materials on this area.  Enzymologists could start 
the course more in the case of time-limited reactions in a biological system, moving from there to 
heterogeneous and homogeneous chemical catalysts. 
 
We are teaching a hybrid chemical catalysis/biocatalysis graduate course this semester that is 
team taught.  Students from ISU, U-NM, and U-VA are taking it during this first offering. 
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Table 2.  Research program organization and effort.
Cluster/Thrust
Life Cycle 
Assessment 
Support Area Cluster/Thrust Leader Robert P. Anex
Project Leader
Investigators (name, department, 
academic institution)
Disciplines 
Involved
Number of 
Students and 
Post Docs
Current Award 
Year Budget
Proposed 
Award Year 
Budget
Center-controlled Projects
Techno-Economic Analysis of Making 
Hydrocarbons from Biomass-Derived 
Sugars
Robert P. Anex Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Robert P. Anex
Agricultural & Biosystems 
Engineering
Iowa State University
Biochemistry and 
biophysics, 
Chemical 
engineering, 
Environmental 
engineering
U=0 
G=3 
P=0
$76,361 $85,211
Subtotal $76,361 $85,211
Sponsored Projects - None
Associated Projects
BE-MUSES:  Biocomplexity in the 
Bioeconomy
Robert P. Anex Robert P. Anex
Agricultural & Biosystems 
Engineering
Iowa State University
Environmental 
engineering
U=0 
G=0 
P=0
$75,000 $81,000
Subtotal $75,000 $81,000
Grand Total for Life Cycle Assessment 
Support Area $151,361 $166,211
Cluster/Thrust
Thrust 1 - New 
Biocatalysts for 
Pathyway 
Engineering Cluster/Thrust Leader David J. Oliver
Project Leader
Investigators (name, department, 
academic institution)
Disciplines 
Involved
Number of 
Students and 
Post Docs
Current Award 
Year Budget
Proposed 
Award Year 
Budget
Center-controlled Projects
T1.1 - 3-ketoacyl-ACP Synthase:  
Characterization of Novel Biocatalyts (3-
ketoacyl Synthases) for Diversifying 
FAS/PKS Metabolic Pathways
Joseph P. Noel Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Joseph P. Noel
Jack H. Skirball Ctr for Chem Biology 
& Proteomics
Salk Institute for Biological Studies
Peter J. Reilly
Chemical & Biological Engineering
Iowa State University
Biochemistry and 
biophysics, 
Chemical 
engineering, 
Chemistry
U=1 
G=3 
P=2
$98,441 $74,984
T1.2 - Acetoacetyl-CoA:  Use of 
Escherichia coli for the Production of 
Molecules Functionalized for Chemical 
Synthesis
Thomas A. 
Bobik
Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Thomas A. Bobik
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics, 
Microbiology
U=0 
G=2 
P=0
$150,087 $128,682
Personnel: 4 Faculty Members, 0 Undergraduates, 3 Graduate Students, 0 Post Docs, 1 Other Personnel
Personnel: 8 Faculty Members, 6 Undergraduates, 14 Graduate Students, 5 Post Docs, 5 Other Personnel
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T1.3 - Acetyl-CoA/Proprionyl-CoA 
Synthetase:  Biocatalysts for Diversifying 
Precursor Pools for FAS/PKS Systems
David J. Oliver Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
David J. Oliver
Genetics, Development & Cell 
Biology
Iowa State University
Peter J. Reilly
Chemical & Biological Engineering
Iowa State University
Biochemistry and 
biophysics, 
Genetics, animal 
and plant, 
Chemical 
engineering
U=1 
G=0 
P=1
$144,104 $135,509
T1.4 - Acyl-CoA Carboxylases:  
Biocatalysts for Diversifying Precursor 
Pools for FAS/PKS Systems
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Peter J. Reilly
Chemical & Biological Engineering
Iowa State University
Biochemistry and 
biophysics, 
Chemical 
engineering
U=1 
G=4 
P=0
$85,724 $65,751
T1.5 - Methylketone 
Synthase/Thioesterase:  Development of 
Methylketone Synthase Enzyme Adapted 
for the Production of Short-chain 
Methylketones
Eran Pichersky Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Eran Pichersky
Molecular, Cellular & Developmental 
Biology
University of Michigan
Joseph P. Noel
Jack H. Skirball Ctr for Chem Biology 
& Proteomics
Salk Institute for Biological Studies
Biochemistry and 
biophysics, 
Genetics, animal 
and plant, 
Chemistry
U=1 
G=1 
P=4
$250,124 $219,579
T1.6 - Thioesterases:  Characterization 
of Novel Biocatalysts (Thioesterases) for 
Diversifying FAS/PKS Metabolic 
Pathways
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Peter J. Reilly
Chemical & Biological Engineering
Iowa State University
Biochemistry and 
biophysics, 
Chemical 
engineering
U=4 
G=3 
P=2
$102,433 $74,011
Subtotal $830,913 $698,516
Sponsored Projects - None
Associated Projects
A Genetically Tractable Microalgal 
Platform for Advanced Biofuel Production
Martin Spalding Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
David J. Oliver
Genetics, Development & Cell 
Biology
Iowa State University
Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Biochemistry and 
biophysics, 
Biology, general, 
Genetics, animal 
and plant
U=0 
G=0 
P=0
$1,827,725 $1,189,977
Advancing Drug Development from 
Medicinal Plants Using Transcriptomics 
and Metabolomics
Eve S. Wurtele Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Biochemistry and 
biophysics, 
Biology, general
U=0 
G=0 
P=0
$254,785 $240,454
Annotation of Novel Enzymatic Functions 
in Methanogens
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics
U=0 
G=1 
P=0
$73,582 $63,947
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Biocatalysts of the Acetyl-CoA 
Condensation Metabolic Pathway
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics
U=0 
G=1 
P=0
$30,000 $0
Biosynthesis of Alkamides - 
Experimental Modeling of a Modular 
Secondary Metabolic Pathway
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics
U=0 
G=1 
P=0
$92,877 $97,063
Coenzyme B12-dependent 1,2-
propanediol Degradation in Salmonella
Thomas A. 
Bobik
Thomas A. Bobik
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Microbiology U=0 
G=0 
P=0
$125,180 $0
Computational Investigation of Cellulase 
and Xylanase Mechanisms
Peter J. Reilly Peter J. Reilly
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=0
$80,000 $0
Dissecting the Pdu Microcompartment in 
Salmonella
Thomas A. 
Bobik
Thomas A. Bobik
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Microbiology U=0 
G=0 
P=0
$468,040 $0
Essential Nature of Fatty Acid Elongase Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics
U=0 
G=1 
P=0
$30,000 $0
Functional Genomics of the Biotin 
Metabolic Network of Arabidopsis
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Biochemistry and 
biophysics, 
Biology, general
U=0 
G=0 
P=0
$45,000 $0
Mechanistic, Structural and Evolutionary 
Basis for Phenylproponoid Metabolism
Joseph P. Noel Joseph P. Noel
Jack H. Skirball Ctr for Chem Biology 
& Proteomics
Salk Institute for Biological Studies
Chemistry U=1 
G=0 
P=0
$137,937 $100,000
Metabolomics:  A Functional Genomics 
Tool for Deciphering Functions of 
Arabidopsis Genes in the Context of 
Metabolic and Regulatory Networks
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Julie A. Dickerson
Electrical & Computer Engineering
Iowa State University
Biochemistry and 
biophysics, 
Biology, general, 
Electrical, 
electronics, 
communications 
engineering
U=0 
G=2 
P=0
$912,703 $912,424
Subtotal $4,077,829 $2,603,865
Grand Total for Thrust 1 - New 
Biocatalysts for Pathyway Engineering $4,908,742 $3,302,381
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Cluster/Thrust
Thrust 2 - 
Microbial 
Metabolic 
Engineering Cluster/Thrust Leader
Ka-Yiu San and 
Jackie Shanks
Project Leader
Investigators (name, department, 
academic institution)
Disciplines 
Involved
Number of 
Students and 
Post Docs
Current Award 
Year Budget
Proposed 
Award Year 
Budget
Center-controlled Projects
T2.1A - Strain Construction and 
Optimization in E. coli
Ka-Yiu San Ka-Yiu San
Bioengineering
Rice University
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Chemical 
engineering
U=0 
G=1 
P=3
$90,010 $78,762
T2.1B - Strain Construction and 
Optimization in S. cerevisiae
Nancy Da Silva Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Suzanne B. Sandmeyer
Biological Chemistry
University of California - Irvine
Biochemistry and 
biophysics, 
Chemical 
engineering
U=1 
G=3 
P=2
$158,640 $51,535
T2.2A - Strain Characterization and 
Optimization in E. coli
Ka-Yiu San Ka-Yiu San
Bioengineering
Rice University
Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Chemical 
engineering
U=0 
G=1 
P=3
$117,024 $93,782
T2.2B - Strain Characterization and 
Optimization in S. cerevisiae
Nancy Da Silva Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Suzanne B. Sandmeyer
Biological Chemistry
University of California - Irvine
Biochemistry and 
biophysics, 
Chemical 
engineering
U=1 
G=4 
P=2
$112,371 $113,552
T2.3A - Omics Experiments in E. coli Ramon 
Gonzalez
Julie A. Dickerson
Electrical & Computer Engineering
Iowa State University
Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Chemical 
engineering, 
Electrical, 
electronics, 
communications 
engineering
U=1 
G=4 
P=1
$116,677 $93,201
T2.3B - Omics Experiments in S. 
cerevisiae
Laura Jarboe Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Suzanne B. Sandmeyer
Biological Chemistry
University of California - Irvine
Biochemistry and 
biophysics, 
Chemical 
engineering
U=1 
G=1 
P=1
$28,141 $46,842
Personnel: 10 Faculty Members, 5 Undergraduates, 19 Graduate Students, 9 Post Docs, 1 Other Personnel
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T2.4A - Flux Analysis in E. coli Jacqueline V. 
Shanks
Jacqueline V. Shanks
Chemical & Biological Engineering
Iowa State University
Ka-Yiu San
Bioengineering
Rice University
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Chemical 
engineering
U=0 
G=3 
P=1
$72,256 $62,604
T2.4B - Flux Analysis in S. cerevisiae Jacqueline V. 
Shanks
Jacqueline V. Shanks
Chemical & Biological Engineering
Iowa State University
Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=1 
P=1
$61,667 $53,967
T2.5A - Bioinformatics in E. coli Julie Dickerson Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Jacqueline V. Shanks
Chemical & Biological Engineering
Iowa State University
Julie A. Dickerson
Electrical & Computer Engineering
Iowa State University
Ka-Yiu San
Bioengineering
Rice University
Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Biology, general, 
Chemical 
engineering, 
Electrical, 
electronics, 
communications 
engineering
U=1 
G=4 
P=0
$143,507 $104,669
T2.5B - Bioinformatics in S. cerevisiae Eve S. Wurtele Eve S. Wurtele
Genetics, Development & Cell 
Biology
Iowa State University
Jacqueline V. Shanks
Chemical & Biological Engineering
Iowa State University
Julie A. Dickerson
Electrical & Computer Engineering
Iowa State University
Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Suzanne B. Sandmeyer
Biological Chemistry
University of California - Irvine
Biochemistry and 
biophysics, 
Biology, general, 
Chemical 
engineering, 
Electrical, 
electronics, 
communications 
engineering
U=0 
G=4 
P=0
$168,170 $133,840
Subtotal $1,068,463 $832,754
Sponsored Projects - None
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Associated Projects
Biosynthesis and Structural Analysis of 
Lovastatin Polyketide Synthase
Nancy Da Silva Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Chemical 
engineering
U=0 
G=1 
P=0
$12,500 $0
CAREER:  Understanding and 
Harnessing the Fermentative 
Metabolism of Glycerol in E. coli - A New 
Path to Biofuels and Biochemicals
Ramon 
Gonzalez
Ramon Gonzalez
Chemical & Biomolecular 
Engineering
Rice University
Chemical 
engineering
U=0 
G=0 
P=0
$80,825 $89,918
EFRI-HyBi:  Bioengineering a System for 
the Direct Production of Biological 
Hydrocarbons for Biofuels
Jacqueline V. 
Shanks
Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Jacqueline V. Shanks
Chemical & Biological Engineering
Iowa State University
Thomas A. Bobik
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics, 
Microbiology, 
Chemical 
engineering
U=0 
G=2 
P=2
$398,754 $411,254
Engineering an Efficient Biocatalyst for 
Chiral Compound Production
Ka-Yiu San Ka-Yiu San
Bioengineering
Rice University
Chemical 
engineering
U=0 
G=0 
P=0
$115,558 $117,648
Engineering Ethanologenic E. coli for 
Levoglucosan Utilization
Laura Jarboe Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=0
$3,000 $3,000
Engineering Yeast Consortia for Surface-
display of Complex Cellulosome 
Structure:  A Consolidated 
Bioprocessing Approach from Cellulosic 
Biomass to Et
Wilfred Chen Nancy A. Da Silva
Chemical Engineering & Materials 
Science
University of California - Irvine
Chemical 
engineering
U=0 
G=0 
P=0
$192,341 $189,010
Mass Spectrometric Imaging of Plant 
Metabolites
Basil J. Nikolau Basil J. Nikolau
Biochemistry, Biophysics & 
Molecular Biology
Iowa State University
Biochemistry and 
biophysics
U=0 
G=0 
P=1
$65,000 $70,000
Metabolic Engineering of Moritella 
marinus to Produce DHA:  
Transcriptome Sequencing
Laura Jarboe Laura R. Jarboe
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=0
$16,578 $0
Subtotal $884,556 $880,830
Grand Total for Thrust 2 - Microbial 
Metabolic Engineering $1,953,019 $1,713,584
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Cluster/Thrust
Thrust 3 - 
Chemical 
Catalyst 
Design Cluster/Thrust Leader Robert J. Davis
Project Leader
Investigators (name, department, 
academic institution)
Disciplines 
Involved
Number of 
Students and 
Post Docs
Current Award 
Year Budget
Proposed 
Award Year 
Budget
Center-controlled Projects
T3.1 - Selective Hydrogenation of 3-en-2-
one Compounds
Robert Davis Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Matthew Neurock
Chemical Engineering
University of Virginia
Richard C. Larock
Chemistry
Iowa State University
Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering, 
Chemistry
U=0 
G=2 
P=0
$243,608 $110,565
T3.2 - Selective Dehydration of Model 
Compounds
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Chemical 
engineering
U=0 
G=2 
P=0
$79,759 $73,927
T3.3 - Decarboxylation of Fatty Acids George Kraus George A. Kraus
Chemistry
Iowa State University
L. Keith Woo
Chemistry
Iowa State University
Matthew Neurock
Chemical Engineering
University of Virginia
Richard C. Larock
Chemistry
Iowa State University
Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering, 
Chemistry
U=1 
G=6 
P=0
$62,133 $150,327
T3.4 - Conjugation of Polyenes Richard C. 
Larock
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Richard C. Larock
Chemistry
Iowa State University
Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering, 
Chemistry
U=0 
G=3 
P=0
$72,738 $59,308
T3.5 - Furan/Pyran Ring Opening James A. 
Dumesic
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Matthew Neurock
Chemical Engineering
University of Virginia
Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering
U=0 
G=4 
P=0
$111,422 $78,785
Personnel: 12 Faculty Members, 12 Undergraduates, 44 Graduate Students, 7 Post Docs, 1 Other Personnel
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T3.6 - Bifunctional Catalysis Brent H. 
Shanks
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Chemical 
engineering
U=0 
G=3 
P=0
$116,462 $65,754
T3.7 - Hydrothermally Stable Catalysts 
and Catalyst Supports
Abhaya K. 
Datye
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Chemical 
engineering
U=0 
G=4 
P=2
$211,178 $139,450
T3.8 - High-throughput Catalyst Evolution L. Keith Woo L. Keith Woo
Chemistry
Iowa State University
Chemistry U=0 
G=0 
P=1
$72,081 $58,590
Subtotal $969,381 $736,706
Sponsored Projects - None
Associated Projects
A Systems Approach to Bio-Oil 
Stabilization
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=1
$30,000 $47,300
Catalytic Advances for Sustainable 
Technologies (CASTech)
Matthew 
Neurock
Matthew Neurock
Chemical Engineering
University of Virginia
Chemical 
engineering
U=0 
G=1 
P=0
$36,000 $36,000
Catalytic Conversion of Renewable 
Carbon Sources to Hydrocarbon Fuels
Robert Davis Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering
U=1 
G=0 
P=0
$70,000 $0
Catalytic Upgrading of Bio-Oil Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=1
$62,252 $0
Condensed Phase Catalysis with Bio-Oil 
Species
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=1 
G=1 
P=0
$48,489 $0
Conversion of Biorenewable Polyols 
Over Supported Metal Catalysts
Robert Davis Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering
U=0 
G=1 
P=0
$50,000 $0
Conversion of CO and H2 to Ethanol 
Over Supported Rhodium Catalysts
Robert Davis Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering
U=0 
G=0 
P=0
$15,000 $0
Design of Nanostructured Organic-
Inorganic Hybrid Catalysts for 
Biorenewable Conversion
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=1 
G=1 
P=0
$29,064 $0
Development and Commercialization of 
Soy/Corn/Linseed Oil Bioplastics
Richard C. 
Larock
Richard C. Larock
Chemistry
Iowa State University
Chemistry U=0 
G=1 
P=1
$55,000 $0
Environmental Enhancement through 
Corn Stover Utilization
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=1 
G=1 
P=0
$31,000 $12,000
Fundamental Studies of Catalyst 
Sintering
Abhaya K. 
Datye
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Chemical 
engineering
U=0 
G=1 
P=0
$40,000 $0
Materials for Energy Conversion Plamen 
Atanassov
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Chemical 
engineering
U=0 
G=0 
P=1
$50,000 $50,000
Nanostructured Catalysts for Hydrogen 
Generation from Renewable Feedstocks
Abhaya K. 
Datye
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Chemical 
engineering
U=1 
G=2 
P=1
$154,420 $154,420
Organometallic Chemistry on Gold 
Surfaces
Victor S.-Y. Lin L. Keith Woo
Chemistry
Iowa State University
Chemistry U=0 
G=1 
P=0
$35,141 $36,200
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PIRE:  Molecular Engineering for 
Conversion of Biomass-derived 
Reactants to Fuels, Chemicals and 
Materials
Abhaya K. 
Datye
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Dmitry Murzin
Department of Chemical 
Engineering
Abo Akademi University
Hans Niemantsverdriet
Department of Chemical 
Engineering & Chemistry
Eindhoven University of Technology
Ib Chorkendorff
Department of Physics
Technical University of Denmark
James A. Dumesic
Chemical Engineering
University of Wisconsin - Madison
Matthew Neurock
Chemical Engineering
University of Virginia
Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering, 
Chemistry, 
Physics, Physical 
sciences
U=5 
G=21 
P=2
$549,837 $484,200
Structure and Function of Supported 
Base Catalysts
Robert Davis Robert J. Davis
Chemical Engineering
University of Virginia
Chemical 
engineering
U=0 
G=2 
P=0
$170,000 $110,000
Technology Development in Support of 
Iowa's Bioeconomy
Brent H. 
Shanks
Brent H. Shanks
Chemical & Biological Engineering
Iowa State University
Chemical 
engineering
U=0 
G=0 
P=1
$68,752 $20,270
TIE:  Accelerated Aging of Proton 
Exchange Membrane Fuel Cell 
Electrocatalysts Using Model Substrates
Abhaya K. 
Datye
Abhaya K. Datye
Chemical & Nuclear Engineering
University of New Mexico
Chemical 
engineering
U=0 
G=0 
P=0
$35,383 $0
Subtotal $1,530,338 $950,390
Grand Total for Thrust 3 - Chemical 
Catalyst Design $2,499,719 $1,687,096
Table 2: Research Program 
Organization and Effort Totals
Current 
Award Year 
Budget
Proposed 
Award Year 
Budget
Total, Center-controlled Projects $2,945,118 $2,353,187
Total, Sponsored Projects $0 $0
Total, Associated Projects $6,567,723 $4,516,085
Grand Total, All Projects $9,512,841 $6,869,272
LEGEND:
U -  Number of Undergraduate Students
G -  Number of Graduate Students
P -  Number of Postdoctoral Fellows
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Fig. 2a.  Research project investigators by discipline.
Biochemistry and biophysics
Biology, general
Chemical engineering
Chemistry
Electrical, electronics, 
communications engineering
Environmental engineering
Genetics, animal and plant
Microbiology
Physical sciences
Physics
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2.2. Research Program (by Thrust) 
 
Thrust 1 – New Biocatalysts for Pathway Engineering 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader David J. Oliver Genetics, 
Development and Cell 
Biology 
Iowa State 
University 
Thrust Co-Leader Basil J. Nikolau Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Thomas A. Bobik Biochemistry, 
Biophysics, and 
Molecular Biology 
Iowa State 
University 
Faculty Investigator Joseph P. Noel Jack H Skirball 
Center for Chemical 
Biology and 
Proteomics 
Salk Institute for 
Biological Studies 
Faculty Investigator Eran Pichersky Molecular, Cellular, 
and Development 
Biology 
University of 
Michigan 
Faculty Investigator Peter J. Reilly Chemical and 
Biological 
Engineering 
Iowa State 
University 
 
Role of Thrust 1 in CBiRC 
 
A primary objective of CBiRC is to engineer a highly flexible platform for the production of 
commodity chemical feedstocks from biological precursors.  This will be done through the 
integrated efforts of three Thrusts.  Thrust 1 is comprised of biochemists and molecular 
biologists that will generate new biological catalysts that can be used to produce short chained 
fatty acids and their derivatives.  Thrust 2 is a group of metabolic and biochemical engineers that 
will genetically modify E. coli and/or the yeast, Saccharomyces cerevisiae, into highly efficient 
engines for making these chemicals.  Thrust 3 is composed of specialists in chemical catalysis 
that will devise the chemical catalysts needed to convert these fatty acids and derivatives into 
industrial feedstocks. 
Since the role of CBiRC is to produce biologically-derived chemicals that act as precursors 
for a broad range of chemical feedstocks, we have focused on one of the most biochemically 
flexible and diverse pathways for modification, the fatty acid (FAS) and polyketide (PKS) 
synthase systems.  We will introduce the projects that make up Thrust 1 by first introducing the 
biochemistry of this pathway so that the roles and contributions of each of the individual projects 
is clear. 
The FAS system builds fatty acids by the sequential addition of two carbon acetate units.  
The acetate units are activated by forming thioesters on the cofactor coenzyme A (CoASH) or 
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the acyl carrier protein (ACP).  The acetyl-ACP is energized to drive the synthesis of the fatty 
acid by the transient attachment of bicarbonate to form malonyl-ACP.  The condensation of these 
activated acetates is catalyzed by 3-ketoacyl synthetase III (KAS III).  The four carbon 
3-ketoacyl-ACP is then reduced, dehydrated, and reduced to form acetoacetyl-ACP.  The 
reaction cycle continues with malonyl-ACP providing additional activated acetate units and other 
isoforms of KAS catalyzing the condensation reaction.  The natural product of the major FAS 
systems in most organisms is either a 16 or 18 carbon acyl-ACP that is then released as an even 
numbered, straight chain fatty acid by an acyl-ACP thioesterase (TE).  The overall objective of 
Thrust 1 is to modify the enzymes involved in this process in order to create a group of 
biocatalysts that can be used to synthesize unique intermediates from the FAS system.  These 
products fatty acids that are: 1) short chained; 2) even or odd numbered; 3) straight chained or 
branched; 4) can contain keto or hydroxyl functional groups, and 5) are saturated or unsaturated. 
 
Fig. 2.2.  The fatty acid synthase system and associated enzymes.  The key enzymes that are 
being studied by Thrust 1 researchers are identified.  KAS III, 3-ketoacyl synthases; MKS1, 
methylketone synthase; TE, acyl-ACP thioesterases; ACS, acetyl-CoA synthetase; ACC, acetyl-
CoA carboxylase.  One cycle of synthesis is shown.  Longer chained fatty acids can be 
synthesized by condensing the butyl-ACP with a second malonyl-ACP to form the C6 
condensation product.  Intermediates in the pathway could be released by MKS1 or TE activities 
which could include any of the ACP-bound intermediates. 
 
Figure 2.2 presents a simplified schematic of the FAS system and highlights the catalysts that 
will be targeted by the different projects.  KAS III catalyzes the first condensation reaction where 
a primer molecule, acetyl-CoA reacts with an extender molecule, malonyl-ACP to form 
3-ketobutyryl-ACP.  Subsequence condensation reactions are not shown but are catalyzed by 
KAS I and KAS II.  TE hydrolyze the release of the fatty acid from ACP.  One of the projects in 
this Thrust seeks to expand the substrate specificity of TE, so that it is capable of releasing the 
other acyl-ACP intermediates of the pathway.  Methylketone synthase is capable of hydrolyzing 
CBiRC Second Annual Report
Volume I 33 April 7, 2010
the 3-ketoacyl-ACP intermediate with concomitant decarboxylation.  Acetyl-CoA carboxylase 
(ACC) catalyzes the synthesis of malonyl-CoA which is used as an extender molecule.  An 
additional project is working to alter the FAS system to work with the CoASH cofactor instead 
of ACP.  Another group is trying to diversify the products by altering the range of starter 
molecules, changing from just acetyl-CoA to include propionyl-CoA and isobutyryl-CoA, by 
using altered acyl-CoA synthetases and acetyl-CoA carboxylases.  The final group is providing 
database support to catalog and the diversity of these biocatalysts that are available in the natural 
world.  These projects are each summarized below. 
 
Research Methodology 
 
The research strategy focuses on studying the key enzymes of the FAS and PKS pathways.  
We are isolating the genes encoding biocatalyst of interest from a range of organisms.  The 
enzymes are expressed in E. coli, and the expressed proteins are isolated and characterized.  
Once we understand the enzymology of the model enzymes we will find or invent modified 
forms of those enzymes with the desired characteristics.  The exact approaches depend on the 
specific enzyme being studied.  For thioesterases, for example, the first approach is to look for 
naturally occurring enzymes with different chain length specificity.  For acetyl-CoA synthetase, 
on the other hand, modified forms of the enzyme that are not subject to lysine propionation were 
sought and existing forms were modified to block sulfhydryl regulation. 
 
Project Goal/Scope Investigators 
Ketoacyl-ACP synthase Biocatalysts for diversifying condensation 
reactions of FAS/PKS 
Noel*; Nikolau; Reilly 
Acetoacetyl-CoA Biocatalysts for switching FAS/PKS 
system to a CoA track 
Bobik* 
Acetyl-CoA/propionyl-
CoA synthetase 
Biocatalysts for diversifying precursor 
pools for FAS/PKS system 
Oliver*; Nikolau; 
Reilly 
Acyl-CoA carboxylases Biocatalysts for diversifying precursor 
pools for FAS/PKS system 
Nikolau*; Reilly 
Methylketone 
synthase/thioesterase 
Biocatalysts for terminating FAS/PKS 
system at 6-8 carbon chain lengths 
Pichersky*; Noel 
Acyl-ACP thioesterases Biocatalysts for terminating FAS/PKS 
system at 6-8 carbon chain lengths 
Nikolau*; Reilly 
 
Summary of Research Accomplishments 
 
T1.1.  Ketoacyl-ACP Synthase 
Recombinant forms of the recombinant E. coli (FabH) and two B. subtilis (YhaB and YhaX) 
were expressed to high levels in E. coli and purified.  Initial structural work has begun on the 
proteins and optimal conditions for crystallization in preparation for x-ray crystallography has 
begun.  Emphasis is also being placed on the 2-pyrone synthase from Gerbera hybrida that forms 
6-methyl-4-hydroxy-2-pyron, a probable testbed chemical for the center. Structural information 
on the proteins is being obtained and high throughput assays for the enzymes are being 
developed.  Once these proteins are understood, their levels can be modulated by Thrust 2 to 
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increase the first step in the FAS/PKS pathway.  In addition their substrate specificities can be 
modified to increase rates of propionyl-CoA incorporation (leading to odd number chemicals) or 
isobutyryl-CoA (forming branched chemicals). 
 
T1.2.  Acetoacetyl-CoA: Use of E. coli for the Production of Molecules Functionalized for 
Chemical Synthesis 
Genes encoding the four enzymes needed to convert acetyl-CoA to butryl-CoA have been 
cloned and the proteins expressed in E. coli to high levels and characterized.  An artificial operon 
containing all four genes has been constructed and is being characterized.  Work is underway to 
see if hexanyl-CoA can be formed.  In order to provide the appropriate redox balance to allow 
this E. coli line to produce large amounts of acetaldehyde, butyrate, and hexanoate, the E. coli is 
being modified to produce hydrogen.  This project both contributes new enzymes whose 
modification can directly form chemicals of interest and provides a route to reconstruct the 
FAS/PKS pathway to use coenzyme A as a cofactor instead of ACS thus producing a pathway 
that can be modified more directly. 
 
T1.3.  Acetyl-CoA/Propionyl-CoA Synthetase 
Genes encoding acetyl-CoA and propionyl-CoA synthetases have been cloned from E. coli, 
Salmonella, and Arabidopsis.  These enzymes have been expressed in E. coli, purified, and 
characterized.  The E. coli and Salmonella enzymes are regulated by two mechanisms: 
1) reversible oxidation of cysteine residues; and 2) acetylation/propionylation of a lysine residue.  
Mutants are current being isolated in which these two regulatory functions have been eliminated 
so that the enzyme is permanently fully active.  In addition to producing acyl-CoA synthetases 
that are much more active, and therefore able to channel more carbon into the FAS/PKS 
pathway, enzymes with modified substrate specificity could produce propionyl-CoA, for odd-
numbered carbon atom chemicals, and isobutyryl-CoA for branch-chain chemicals. 
 
T1.4.  Acyl-CoA Carboxylases 
ACC is composed of four different subunits: biotin carboxylase (BC), biotin carboxylase 
carrier protein (BCCP1 and BCCP2), and carboxy transferase (CTα and CTβ).  Genes encoding 
all of these proteins have been cloned and expressed in E. coli, both individually and in 
combination.  The combinations are BC/BCCP1, BC/BCCP2, CTα/CPβ, BCCP1/BC/CTα/CTβ, 
BCCP2/BC/CTα/CTβ, BCCP1/CTα/CTβ, BCCP2/CTα/CTβ.  Analysis of these proteins is 
underway.  Some evidence suggests that ACC catalyzes a rate limiting reaction in fatty acid 
synthesis.  As such this is a prime target for increased expression levels.  In addition the enzyme 
will be modified to carboxylate propionyl-CoA and butyryl-CoA if these residues are to be 
incorporated into the final products. 
 
T1.5.  Methylketone Synthase/Thioesterase 
The genes for two different proteins have been cloned from tomato, MKS1 and MKS2.  The 
two enzymes appear to work together with MKS1 acting as a decarboxylase and MKS2 serving 
as a thioesterase.  The products of natural variants in MKS2 have been expressed in E. coli and 
shown to produce C7 and C9 methylketones.  Structural work on the proteins is underway.  The 
expression of methylketone synthase in E. coli may directly produce chemicals of interest.  This 
gene has been passed on the Thrust 2 for expression and product analysis. 
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T1.6.  Acyl-ACP Thioesterases 
Thioesterase genes have been isolated from plants that produce a range of different length 
fatty acids, these have been expressed in E. coli, and purified for further analysis.  Substrates for 
analyzing the acyl-ACP thioesterases (6:0-ACP to 12:0-ACP) were produced by over expressing 
acyl carrier protein (ACP) and acyl-ACP synthetase.  Extensive bioinformatics work has been 
done on the thioesterases.  This enzyme is a key step in the α-olefin platform.  It is essential that 
we produce enzymes that will release short chained fatty acids if they are going to be released 
from the E. coli in large amounts.  As Thrust 1 works on discovering enzymes with the correct 
substrate specificity, Thrust 2 scientists are already working on optimization of the expression of 
model acyl-ACP thioesterase in E. coli and yeast. 
 
Response to Major Weaknesses or Threats from Prior Site Visit Reports 
 
The key comment directed by the SVT to Thrust 1 was that the scientists had not yet defined a 
clear mechanism for synergistic interactions between the biocatalysis researchers in Thrust 1 
and the inorganic catalysis researchers in Thrust 3.  A multi-step process was instituted to 
address this issue by using the expertise of the two groups to formulate center-wide platforms 
and test-beds that are described in detail elsewhere in this report.  The process began with joint 
meetings between the Thrusts.  A formal communication process was initiated with Thrust 1 
putting together a detailed list of chemicals that are possible to make from the FAS/PKS 
enzymes.  This list was then forwarded to Thrust 3 scientists who evaluated these chemicals as 
potential precursors for making commodity chemicals.  Scientists from the two Thrusts then met 
together for a mini-conference/retreat and discussed the specific biochemicals that could be 
produced.  This discussion identified the combined biocatalysis and chemical catalysis reaction 
that could be used to produce individual commodity chemicals.  These discussions are leading to 
the formulation of new Center test beds.  Thrust 2 has now entered into this discussion on the 
efficiencies that are required for the successful launching of the new test-beds, which will be 
further evaluated by the SAB and IAB. 
 
References 
 
Ben-Israel I, G Yu, MB Austin, N Bhuiyan, M Auldridge, T Nguyen, I Schauvinhold, JP Noel, E 
Pichersky, E Fridman. Multiple biochemical and morphological factors underlie the 
production of methylketones in tomato trichomes. Plant Physiology 151:1952-1964 (2009). 
Oliver, D.J., Nikolau, B.F., Wurtele, E.S. Acetyl-CoA – Life at the Metabolic Nexus, Plant 
Science 176: 597-601 (2009) 
 
Highlights of Significant Achievements and Impacts 
 
1. Thirty one genes have been isolated from many different sources, at least one gene for each 
of the enzymes that will be studied.  Forty two genes or gene combinations have been 
expressed in E. coli and those expressed proteins isolated and characterized.  This means we 
have cloned, expressed, and begun characterizing all of the proteins we proposed to work 
with. 
2. Two different forms of methylketone synthase (MKS1 and MKS2) have been characterized 
and the different reactions of the two proteins are now becoming clear.  It is also becoming 
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evident that MKS2 from different sources can produce different length methylketones.  This 
work has resulted in a high quality publication. 
3. A new redox-sensitive regulatory system has been discovered for acyl-CoA synthetases and 
shown to be independent of the known control systems for this enzyme. 
 
Thrust 2 – Microbial Metabolic Engineering 
 
The focus of the microbial metabolic engineering thrust is thus to develop microbial 
platforms using a systems approach to produce small polyketide-based molecules by 
incorporating new synthesis pathways discovered from Thrust 1 at high yields, high rates, and 
high product titers. The goal of Thrust 2 is to develop microbial production platforms that will 
have the following properties: 
 Integration of new pathways into the production platforms 
 Efficient pathway design to allow proper balance between cell growth and 
product formation 
 Balanced carbon and cofactor flow 
 Maintenance of robust performance even at high product titers 
 Robust cell growth and minimal scale-up related issues with industrial input 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Ka-Yiu San Bioengineering W. M. Rice 
University 
Thrust Co-Leader Jacqueline V. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Nancy A. Da Silva Chemical Engineering 
& Materials Science 
University of 
California, Irvine 
Faculty Investigator Julie A. Dickerson Electrical & Computer 
Engineering 
Iowa State 
University 
Faculty Investigator Ramon Gonzalez Chemical & 
Biomolecular 
Engineering 
W. M. Rice 
University 
Faculty Investigator Laura R. Jarboe Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Suzanne B. Sandmeyer Biological Chemistry University of 
California, Irvine 
Faculty Investigator Eve S. Wurtele Genetics, Development 
& Cell Biology 
Iowa State 
University 
 
Role of Thrust 2 in CBiRC 
 
The initial test beds chosen are short to medium chain fatty acids and methylketones. These 
two test beds will provide opportunities to ultimately integrate all three research thrusts. The 
connectivity among projects and thrusts are depicted in the diagram below. Genes and pathways 
discovered and/or developed for fatty acid and methylketone synthesis by Thrust 1, the Pathway 
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Discovery group, will be integrated into the production strains in Thrust 2. Similarly, the 
products from Thrust 2, fatty acid and methylketones, will serve as precursors for the synthesis 
of α-olefins and dienes by Thrust 3, the Chemical Catalysis group. 
 
 
 
 
Research Methodology 
 
The long-term goal is to develop efficient microbial systems to produce small polyketide-
based molecules by incorporating new synthesis pathways discovered from Thrust 1 at high 
yields, high rates and high product titers. Specifically, the project will employ Escherichia coli 
and Saccharomyces cerevisiae, two commonly used and better studied microbial systems, as the 
hosts. The initial targeted test beds are medium chain length fatty acids and methylketones. 
The strain development/optimization will be an iterative process where increasingly refined 
strains will be designed and constructed based on the knowledge derived from computational and 
modeling efforts in concert with metabolic evolution. The strains will then be subjected to a 
further round of characterization and metabolic evolution leading to yet another round of design 
and construction. A key challenge is to shorten the metabolic engineering design cycle. 
The following projects are designed to provide an integrated approach for strain development 
with the final goal of achieving efficient microbial production systems. 
 
Projects Goal/Scope 
Investigators 
(E. coli) 
Investigators 
(S. cerevisiae) 
Strain 
construction & 
optimization 
Develop integrated techniques/tools to 
design and construct efficient microbial 
strains for high-level production of fatty 
acid-like molecules from glucose 
San*; 
Gonzalez 
Da Silva*; 
Sandmeyer 
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Strain 
characterization 
& optimization 
Characterize the production strains under 
various operating conditions; perform 
metabolic evolution experiments 
San*; 
Gonzalez; 
Jarboe 
Da Silva*; 
Sandmeyer 
Omics 
experiments 
Perform omics experiments (gene 
expression profiling first, followed by 
protein and metabolite) of the production 
strains 
Gonzalez*; 
Jarboe; San 
Jarboe*; 
Da Silva; 
Sandmeyer 
Flux analysis Develop tools and models to perform 
metabolic flux analysis of the production 
strains 
J. Shanks*; 
Gonzalez; San 
J. Shanks*; 
Jarboe 
Bioinformatics Develop tools and models to integrate in-
house omics data with existing data 
bases to provide a system wide view of 
the production strains; develop systems 
approach-based tools and techniques to 
provide insights and/or suggestions for 
further strain improvement 
Dickerson*; 
Gonzalez; 
Jarboe; San; 
J. Shanks; 
Wurtele;  
Wurtele*; 
Dickerson; 
J. Shanks; 
Da Silva; 
Sandmeyer 
 
Summary of Research Accomplishments 
 
Thrust 2 continues to be very active in team interactions.  These interactions are crucial, as 
one of our goals is to shorten the metabolic engineering design cycle. Monthly virtual meetings, 
one each for the host platforms, E. coli and S. cerevisiae. Weekly bioinformatic meetings are 
held for the combined group with ISU researchers meeting in person and remote collaborators 
joining virtually.  In these meetings, students and postdocs present their results.  These meetings 
aid integration of data and informatics analysis. For student and postdoc education, we have 
watched several of the AIChE – Society of Biological Engineering virtual webinars, including 
one on Elementary Node Analysis (Friedrich Srienc), Sustainable Biofuels Productions (Gregory 
Stephanopoulus) and Industrial Systems Biology (Jens Nielson).  The success of these webinars 
inspired us to start our own personal webinar series, using ISU incentive funds to pay for the 
honorarium. Out first speaker will be Dr. Daniel Hyduke (he is a postdoc of Bernard Palsson) at 
UCSD speaking about in silico genome scale models in April. Virtual meetings and webinars are 
videotaped and logged on our internal google site for further study.  Finally, we have exchanged 
personnel among all three university sites to learn techniques and work together. 
 
Yield, Titer and Productivity Targets 
The design targets for a microbial process are high yield, titer and productivity.  Based upon 
feedback from our Scientific Advisory Board and our team’s experience, rule-of-thumb 
productivity targets for a commodity chemical via fermentation is the order of 1-3 g/L/hr for 
economic viability. This high production rate is attained only after many years of research and 
development work.  Practically speaking, this means that our target titers and yields will be on 
the order of double digit g/L and 80% maximum theoretical yields. Life cycle analysis of the 
whole process will be necessary more precise targets, since in most cases, separation is also a 
key economic factor. 
We calculated the theoretical yield of fatty acids and methyl ketones with different chain 
lengths from detailed balances that consider the cofactor requirement (pathway-dependent with 
CBiRC Second Annual Report
Volume I 39 April 7, 2010
redox balance) for E. coli and.  In S. cerevisiae, there are 2 ways to produce acetyl-CoA as the 
precursor for fatty acid: (1) through the mitochondrion and being transported out to the cytosol 
or (2) through acetaldehyde and acetate.  ATP and reductant molecule requirements are different 
between the two hosts, with details given in Volume II. The maximum theoretical yields (mol 
FA/mol glucose) of C6, C8 and C10 fatty acid, using redox balances, are identical for both hosts, 
and were determined as 0.667, 0.500 and 0.400 respectively. The theoretical yields of C(2N+3) 
methyl ketone and C(2n+4) fatty acid require the same amount of glucose substrate in both hosts. 
With increasing carbon length of FA and MK, the theoretical yield decreases.   
We are more firmly cementing the tools to gear up our metabolic engineering design engine 
to make our cycle more efficient.  We will illustrate our progress using the -olefin testbed 
(medium chain fatty acids via fermentation) as an example. Details on all the projects are in 
Volume II. 
 
α-Olefin Testbed 
 
Fatty acid production:  We have constructed and characterized several E. coli strains to 
produce fatty acids. Four thioesterase genes from various sources (with specificity from C-12 to 
C-18) have been synthesized, three of them are codon optimized for E. coli. Simultaneously, 
several genes were deleted from the E. coli host in order to divert carbon flux to the desired 
product. Experiments were performed to examine free fatty acid production and length 
distribution with the four different thioesterases in several host strains. Strain 103(p18), a fadD 
mutant strain carrying a plasmid with a thioesterase gene, accumulated the most fatty acid at the 
end of 48 hours, reaching a high level of ~2.1 g/L. This value is about 400 times that of the 
control strain 103(p99). The yield of the 103(p18) culture is approximately 0.14 g of fatty acids 
produced per gram of glucose used, which is 35-40% of the maximum theoretical yield. 
Metabolite profiles indicated exhaustion of glucose 24 hours after inoculation. Experiments were 
performed in which additional glucose was supplemented to the culture at this point. At 48 
hours, fatty acids in the fed cultures accumulated to ca. 2.7 g/L, which is 47% more than that of 
the unfed cultures. This simple experiment suggests that further improvement is feasible through 
medium optimization and fine-tuning of the operating conditions. These results compare very 
favorably with a recent study where 1.2 g/L of fatty acids and a yield of 0.06 g/g were reported 
(Steen et al., Nature. 463:559-62, 2010).  
The synthesis of short chain fatty acids requires access of novel thioesterases (TEs) to the growing 
fatty acid chain. This is hindered in S. cerevisiae by the complex and closed structure of the native 
fatty acid synthase (FAS). To address this, we have investigated three different FAS systems, native 
S. cerevisiae, human, and E. coli, for the production of short chain fatty acid in yeast host systems. 
The non-native FAS systems allow access by the thioesterases required for short chain synthesis The 
human FAS (hFAS) was obtained from OpenBiosystems and was sequenced and cloned (with a his-
tag) into a pXP vector. This synthase was expressed in parallel with a plant transferase and shown to 
be active in S. cerevisiae (via complementation and growth of a yeast fas2 knockout).  In parallel, we 
have focused on introducing the E. coli fatty acid pathway, and  have completed the PCR cloning and 
sequencing of all nine essential fatty acid biosynthesis genes.  In collaboration with the Noel Thrust I 
laboratory we are examining the ability of a Dictystelium Type III polyketide synthase to function in 
yeast. We are also evaluating two oleaginous yeast and target genes for increasing fatty acid synthesis. 
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Toxicity:  Addressing toxicity issues is a prime example of linkage with the ‘omics and flux 
(underway) projects with the bioinformatics efforts of modeling and visualization (see Volume II for 
details). Network Component Analysis (NCA) is a method of reducing transcriptome data, with its 
long list of perturbed genes, to a smaller set of perturbed transcription factors (TFs).  NCA is 
especially useful for biocatalysts with extensively characterized regulatory networks, such as 
S. cerevisiae and E. coli. Identification of TFs with perturbed regulatory activity, especially when the 
activation mechanism for these TFs is known, aids in identification of perturbed cellular processes. 
Our goal is to use this transcriptome data to generate testable hypothesis about the nature of fatty acid 
toxicity, and flux (and later proteomic) studies can further constrain these hypothesis.   
Production of SCFA at high levels can be inhibitory for the growth and metabolism of E. coli 
and S. cerevsiae.  Initial biocatalyst characterization found a significant difference between 
E. coli and yeast SCFA sensitivity: growth of S. cerevisiae was completed inhibited by 1 mM C8 
while E. coli required more than 15 mM C8 for complete inhibition.  However, these 
comparisons were performed under very different growth conditions. Thus, we repeated these 
experiments for E. coli and S. cerevisiae at 300C, pH 6.0, in baffled flasks 1/10th full and shaken 
at 150 rpm.  Under these conditions, both strains had the same specific growth rate in the control 
(no SCFA) experiment. In these experiments, it was still seen that the yeast strain had increased 
sensitivity to C8, but the difference was much smaller than in our previous, disparate 
comparison.  
We have performed global gene expression studies for E. coli and S. cerevisiae challenged 
with 10 mM C8:0 and control (0 mM C8:0). {13C metabolic flux analysis studies are underway}. 
While the use of 10 mM octanoic acid led to significant inhibition of cell growth, cell viability 
was still high. We performed Network Component Analysis on our studies as well as related data 
in the literature {Nakanishi et al (Microbiology 2009) –E. coli} Given that the SCFA studies 
(ours and literature) have also shown perturbation of iron-related genes, our current hypothesis is 
that SCFA-mediated disruption of the cell membrane indirectly perturbs the intracellular 
concentration of free iron, resulting in the observed transcriptional perturbations. If this 
hypothesis is true, then the observed perturbation of iron-related genes is a symptom of 
membrane disruption and not directly related to growth inhibition. Previous investigations of the 
butanol response in E. coli (Brynildsen and Liao, Molecular Systems Biology, 2009) also noted 
perturbation of the Fur regulator, an iron-related gene. They attributed this apparent alteration in 
Fe2+ abundance to membrane disruption by butanol. The fact that many of the SCFA-perturbed 
regulators are iron-related suggests that SCFAs may have a similar impact on membrane 
integrity. In another literature report, Rothen et al (Biotechnol Bioeng 1998), assessed the effect 
of inhibitory levels of octanoic acid on glucose and oxygen consumption and CO2, biomass and 
acetate production in E. coli. Their data supports a proposed model in which SCFA challenge 
inhibits regeneration of NAD+ from NADH, consistent with the proposed mechanism of 
membrane disruption described above. This hypothesis, along with literature reports regarding 
the effect of SCFAs on membrane fluidity, has motivated our current plan to focus on several 
aspects of membrane fluidity and integrity (see Volume II). 
 
Diene Testbed 
We have performed shake flask experiments with strains carrying the methylketone 
synthases (MKS1, ShMKS2 or SlMKS2) developed in Project 1A from Dr. Pichersky’s group 
while establishing standardized procedures to quantify methylketone production levels. We first 
sub-cloned the methylketone synthase genes into various expression vectors with different 
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plasmid copy numbers and promoter strengths in order to study the effect of expression levels on 
methylketone production. Simultaneously, we have constructed various mutant host strains with 
deactivation in the fatty acid oxidation pathway and/or the acetate formation pathway. 
Methylketone was produced in E. coli when either MKS1 or MKS2 was overexpressed; the 
mutant strain ML115 (poxB-, ack-pta-, fadD-) usually gives higher production levels. In addition, 
we have constructed plasmids which co-express two methylketone synthases, MKS1 and 
ShMKS2 or SlMKS2. Shake flask studies have been initiated to examine these combinations of 
MKS on methylketone production. 
 
Response to Major Weaknesses or Threats from Prior Site Visit Reports 
 
SVT Comment:  Significant research barriers/challenges have been identified and plans are 
made for addressing these employing, overall, good quality research methods, but some 
weaknesses were noticed.  
SVT Comment:  The computational aspects are not fundamental in nature, but rather 
integrational. They do not ask fundamental questions, but rather aim to facilitate integration of 
high throughput data. If there are fundamental issues, what are these fundamental 
questions/bottlenecks?  There do exist similar commercial and non-commercial platforms that 
would in principle accomplish these goals. Why were not some of these considered for use? Is it 
possible to practically compete (with this small group in the ERC) in this area with large 
commercial or non-commercial groups? 
 
Regarding the under-utilization of existing metabolic models and commercial platforms, we 
do not plan to reinvent the wheel but to use those existing programs and framework within an 
integrated platform for our team. For example, we have identified relevant datasets to use as “test 
beds” for various analysis methods [i.e. Nakanishi et al, EHEC butyrate response] that will help 
integrate data across the entire metabolic network. We have already created a new stoichiometric 
network for E. coli based on the Palsson model and EcoCyc, and similarly for the Yeast network 
from Yeast Jamboree. As a group we discuss and evaluate network component analysis and 
elementary mode analysis for gene regulatory networks and metabolic networks, respectively. 
The bioinformatics team is not only focusing on data integration but also modeling. The 
traditional use of omics data in system-wide studies is to first find a list of differentially 
expressed nodes. Second, this list is examined for links between pathways and node and a 
biological story is put together. Our goal is to use visualization and data integration coupled with 
metabolic modeling to help the data pull out more of the story and discover new connections that 
would have been missed. 
 
SVT Comment:  The microbial platform projects (E. coli and yeast) have identified a good set of 
important problems, for now at least; most are admittedly generic rather than specific, but that 
is acceptable for Year 1. An important issue that has not been identified and which is somewhat 
generic, but at the same time a necessary one, is the need to integrate multiple genes encoding a 
pathway into the host chromosome. In fact, if the genes for these pathways are to be assembled 
from different sources and taxa, the issue of expression design and optimization and 
chromosomal integration is crucial for success. 
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For the E. coli project, chromosomal integration will be performed: 1) As it becomes 
necessary during strain construction and optimization (however, plasmid based approach will be 
the best choice to test out the concepts);2) To constructed a more robust strain and before the 
performing metabolic evolution experiments.  To a certain extent, chromosomal integration will 
be best performed by the industrial partners. Two inducible promoter systems being used in the 
E. coli project is more than enough since we are currently dealing with only the addition of one 
gene. Additional promoter systems with various promoter strengths will be used if necessary in 
the future. For the yeast project, a set of vectors has been developed that can be used as 
independent plasmids or as templates for chromosomal integration. Multiple promoters and 
selection markers have been included. Initial testing is often done with plasmids, but integration 
is already underway or completed for key genes. 
SVT Comment:  While the choice for E. coli and S. cerevisiae is a sound and good one, what is 
the rational basis for claiming that they would be best for producing these toxic chemicals? Are 
other yeast hosts (e.g., K. marxianus) or lactobacilli ultimately better producers for some of the 
targeted chemicals? 
 
This is a valid question, which needs to be addressed if our current host systems cannot 
effectively address the toxicity question. 
SVT Comment:  The investigators could save a significant amount of time and effort if they 
would apply more sophisticated analysis tools for evaluating the metabolic network.  The flux 
analysis of the metabolism will provide useful insight into the functioning of the metabolism.  But 
there are more rigorous analysis and bioinformatics tools available that are not mentioned at all 
in the report or in the presentation.  In case the investigators are not aware of them, they are 
encouraged to familiarize themselves with these methods as this would significantly shorten the 
experimental time to realize desired pathways. 
 
We have been remiss in describing approaches for evaluating the metabolic network. In fact 
the integration of system measurements with modeling tools is a hot topic in systems biology and 
a subject of much debate and philosophy. A key challenge is to come up with a strategy that 
effectively uses the tools available, to shorten the metabolic engineering cycle. We expect that as 
a result of the research from Thrust 2, that we will have case studies for effective integration of 
tools. 
The use of the word “rigorous” by the reviewers is not clear. If rigorous means extensive, 
accounting for every detail, then certainly the genome wide, in silico models provide an 
extensive assessment of fluxes throughout an organism.  However, these models have an 
inherent amount of uncertainty in them. Interestingly, Genomatica, a company that specializes in 
such models for organisms, is now doing extensive experimentation with 13C flux methods. 
Rigorous may also mean comparing a model of the reaction network with experimental 
information tovalidate the model, such as with labeling studies. We have emphasized the later 
approach, but we are cognizant of methods combining the best of both approaches.  
The majority of the carbon flux will be in central carbon metabolism. A moderately-sized 
network is sufficient to capture ~ 95% of the carbon flux – that is within experimental error. 
However, the regulatory pathways will need to be captured that influence the carbon flux, and 
these pathways are much more extensive. For E. coli, we expect that regulation at the 
transcriptional level will be especially important. For yeast, a eukaryotic organism, regulation at 
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other levels may also contribute.  What is needed is to integrate flux and transcript data in a 
manner that identifies bottlenecks quickly. The bioinformatics group is using existing 
bioinformatic tools by others and creating a Biomart, i.e., a front end that is tailored to our needs 
for E. coli and S. cerevisiae.  For the next site visit, we will more clearly articulate these specific 
tools. 
 
Highlights of Significant Achievements and Impacts 
 
1. Medium-chain length (C12-C18) free fatty acids and methylketones have been produced by 
E. coli. To date, 35-40% of the maximum theoretical yields and 2.7 g/L have been attained, 
comparing very favorably to recent literature reports. Further improvement is feasible 
through strain optimization, medium optimization and fine-tuning of the operating 
conditions.  E. coli, overexpressing the methylketone synthases (MKS1, ShMKS2 or 
SlMKS2) developed in Thrust 1 from Pichersky’s group, produced methylketones, albeit in 
low titers. Expression of ShMKS2 and SiMKS2 was also conducted in S. cerevisiae, with 
characterization underway.   
2. The human fatty acid synthase (hFAS) has been shown to complement a yeast fas2 mutation, 
allowing growth of yeast that lack a functional native FAS system. The hFAS allows access 
by the thioesterases required for short chain synthesis (precluded by the closed structure of 
the fungal FAS), enables easier optimization of the host by avoiding native regulatory 
control, and allows utilization of separate FAS systems for host cell requirements and 
product synthesis. This system, and a comparable one introducing the E. coli FAS system, is 
critical for evaluating the new thioesterases from Thrust 1 and for both short chain fatty acid 
and methylketone synthesis in yeast. 
3. Transcriptome and network component analysis has been used to identify several testable 
hypotheses on the toxicity of short chain fatty acids in E. coli and S. cerevisiae. In 
combination with flux maps (identifying potential bottlenecks in syntheses), metabolic 
modeling, and newly developed bioinformatic tools for systemwide analysis, these efforts 
will guide the construction of new strains for high level fatty acid and methylketone 
synthesis. 
 
Thrust 3 – Chemical Catalyst Design 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Robert J. Davis Chemical Engineering University of 
Virginia 
Thrust Co-Leader Brent H. Shanks Chemical & Biological 
Engineering 
Iowa State 
University 
Faculty Investigator Ib Chorkendorff Physics Technical 
University of 
Denmark 
Faculty Investigator Abhaya K. Datye Chemical &Nuclear 
Engineering 
University of 
New Mexico 
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Faculty Investigator James A. Dumesic Chemical Engineering University of 
Wisconsin - 
Madison 
Faculty Investigator George A. Kraus Chemistry Iowa State 
University 
Faculty Investigator Richard C. Larock Chemistry Iowa State 
University 
Faculty Investigator Dmitry Murzin Chemical Engineering Åbo Akademi 
University 
Faculty Investigator Matthew Neurock Chemical Engineering University of 
Virginia 
Faculty Investigator Hans Niemantsverdriet Chemical Engineering 
& Chemistry 
Eindhoven 
University of 
Technology 
Faculty Investigator Robert Schlögl Inorganic Chemistry Fritz Haber 
Institute, Max 
Planck Society 
Faculty Investigator L. Keith Woo Chemistry Iowa State 
University 
 
Role of Thrust 3 in CBiRC 
 
Research in Thrust 3 is aimed at the catalytic conversion of renewable molecules produced 
by the microbial systems studied in Thrust 2.  More specifically, Thrust 3 expects to use 
3-en-2-one compounds and fatty acids produced via engineered yeast or E. coli as feedstocks to 
chemical catalytic conversion processes.  Since the production dienes and alpha-olefins are the 
initial test beds, researchers in Thrust 3 will explore new catalysts to accomplish a variety of 
chemical reactions that selectively remove oxygen from the renewable feedstock.  In particular, 
highly-selective catalytic reactions such as hydrogenation, decarboxylation and dehydration are 
required to meet our test bed objectives.  Moreover, potentially important reactions such as ring 
opening of furans, conjugation of polyenes and C-C bond formation by condensation will also be 
studied over the next five years.  Finally, new “tools” for the advancement of catalytic science 
and technology relevant to the conversion of biorenewable feedstocks will be pursued over the 
next several years.  The development of these tools includes engineering of hydrothermally-
stable catalysts and catalyst supports, synthesis of coupled catalyst functionalities and 
implementation of a high-throughput catalyst evolution methodology. 
 
Research Methodology 
 
The primary approach used by researchers in Thrust 3 to design chemical catalysts utilizes a 
combination of 1) synthesis of model catalysts; 2) extensive characterization of their physical 
and chemical properties; and 3) evaluation of their catalytic performance in specific target 
reactions.  At each stage of this approach, researchers complement experimental studies with ab 
initio quantum chemical calculations to aid in the interpretation of results and to help guide 
future experiments.  The utility of this approach is that important structure/function relationships 
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for new catalytic systems can be elucidated and subsequently incorporated into the catalyst 
design strategy. 
 
Summary of Research Accomplishments 
 
The research in Thrust 3 is composed of eight projects, as summarized in the following table. 
Achievements for the individual projects are summarized below. 
 
Project Goal/Scope Investigators 
3-en-2-one 
selective 
hydrogenation 
Selective hydrogenation followed by selective 
dehydration to produce dienes 
Davis*; Datye; 
Larock; Neurock 
Selective 
dehydration 
Model compound selective dehydration for 
diene test bed and alcohols 
B. Shanks*; Dumesic 
Decarboxylation 
of fatty acids 
Selective decarboxylation of fatty acids to 
produce -olefins 
Kraus*; Davis; 
Larock; Neurock; Woo 
Polyene 
conjugation 
Isomerizing double bonds in polyenes to 
conjugated positions 
Larock*; B. Shanks; 
Davis 
Furan/pyran ring 
opening 
Selective ring opening of furan/pyran rings Dumesic*; Davis; 
Neurock 
Bifunctional 
catalysts 
Developing catalysts with coupled acid/base 
properties 
B. Shanks*; Datye; 
Dumesic 
Stable catalysts 
and supports 
Synthesis of catalysts and catalyst supports 
with hydrothermal stability 
Datye*; Dumesic; 
B. Shanks 
Catalyst evolution Design artificial hydrocarbon chain extension 
processes that parallel the biocatalysts in 
Thrust 1 
Woo*; Thrust 1 
 
T3.1.  Selective Hydrogenation of 3-en-2-one Compounds 
The overall goal of this project is to understand the factors controlling the activity, 
selectivity, and stability of heterogeneous catalysts for the selective hydrogenation of 3-en-2-one 
compounds.  One of the integrative test beds in this Center involves the production of diene 
hydrocarbons from glucose.  The test bed includes the biological catalytic production of 
3-en-2-one compounds in Thrusts 1 and 2 that will need to be subsequently converted to dienes 
over chemical catalysts developed in Thrust 3.  The first step in the conversion is envisioned to 
be a selective hydrogenation of the carbonyl group in 3-en-2-one to form an alcohol without 
substantial hydrogenation of the C=C double bond.  The subsequent dehydration of the resulting 
alcohol will generate the desired diene. Preliminary evidence in the literature suggests that 
supported gold catalysts exhibit some selectivity for the desired reaction, but the selectivity 
toward hydrogenating the carbonyl group depends strongly on the substituents around the C=C 
double bond. One of the accomplishments of the past year is an examination of the selective 
hydrogenation an α,β-unsaturated ketone, benzalacetone, to its unsaturated alcohol over a 
commercial Au/Fe2O3 catalyst. Moreover, computational studies over the past year established a 
critical effect of substituent groups on the adsorption and hydrogenation of unsaturated 
oxygenates.  Unfortunately, the activity of a selective gold catalyst is very slow when compared 
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to the classical hydrogenation metals and even other supported gold catalysts. Thus, commercial 
usefulness of the Au/Fe2O3 catalyst may not be realistic for the project goal and we will use the 
upcoming year to determine whether or not to continue pursuing this line of inquiry. 
 
T3.2.  Selective Dehydration of Model Compounds 
Biorenewable feedstocks have excess oxygen relative to the amount typically present in 
industrial chemicals.  Dehydration is an important reaction for the removal of oxygen, but 
limited work has been performed on selective dehydration in the presence of additional 
functionality in the reactant. An important goal in developing a catalytic “tool chest” for 
biorenewable chemicals will be demonstration of effective selective dehydration catalysts. We 
propose to examine initially the dehydration of two molecules, 3-penten-2-ol and 
1,2,6-hexanetriol.  As stated above, one integrated test bed across CBiRC is the production of 
dienes.  Moreover, a Thrust 3 project will study the selective hydrogenation of these compounds 
to 3-ene-2-ol species.  The selective dehydration of 1,2,6-hexanetriol to hydroxylmethyl 
tetrahydropyran (HMTHP) in the liquid phase was studied in the presence of Amberlyst™ 70, an 
ion exchange resin in acidic form that can perform at higher temperatures than typical resin 
materials.  Although high selectivity to the desired product can be seen, the selectivity decreases 
at high conversion because of subsequent reactions.  The reaction has also been studied a flow 
reactor in which vapor-phase reactant is passed over a cerium oxide catalyst.  Because there is 
some uncertainty regarding the viability of producing en-ol reaction intermediates by selective 
hydrogenation, work on dehydration of 3-penten-2-ol as the selective hydrogenation portion of 
the test bed (3-en-2-one) has been delayed.  If the hydrogenation work advances in the near 
future, the dehydration work with this compound will be reactivated. 
 
T3.3.  Decarboxylation of Fatty Acids 
Several companies have major units focusing on the production of olefins and polyolefins, 
including ethylene, alpha olefins, and aromatic compounds.  These alpha olefins are derived 
from petroleum feedstocks.  The market for alpha olefins is approximately 2.5 million tons per 
year.  They are used in detergents, surfactants and specialty chemicals.   Unfortunately, there are 
few biorenewable-based counterparts for alpha olefins, since terminal olefins are not common 
components in plants.  In contrast, fatty acids are major components of natural oils.  The Kraus 
group has recently begun to study the conversion of fatty acids, readily available from corn oil, 
palm oil, and soybean oil, into linear alpha-olefins using a little-studied catalytic organic reaction 
that converts carboxylic acids into alkenes and carbon dioxide.  Over the past year, soluble Pd 
catalysts have been explored for the reaction, which occurs at temperatures greater than 190oC.  
Distillation of the product is required to prevent isomerization of the olefin and an excess of 
triphenylphosphine (relative to palladium) is necessary for the reaction.  It is important to note 
that an anhydride (typically acetic anhydride) is also needed to facilitate this reaction by forming 
a mixed anhydride in situ.  Future studies will involve attempts to discover a heterogeneous 
catalyst that functions in an analogous fashion.  Kraus has been contacted by ADM to discuss the 
technology and a disclosure has been submitted to the ISU Foundation.  Once the life cycle 
analysis has been performed, member companies will likely have significant interest in the 
technology. 
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T3.4.  Conjugation of Polyenes 
Finding a practical, reusable catalyst for the conjugation/isomerization of monoenes, dienes 
and polyenes represents a key step towards the development of greener technologies for 
preparing internal olefins and conjugated dienes and polyenes of all types. Success will provide 
an economical, environmentally friendly approach for the catalytic isomerization of terminal 
olefins to internal olefins, and non-conjugated dienes/polyenes to conjugated dienes/polyenes, 
and should provide conjugated natural oils of both biological and industrial interest.   The goal of 
this project is to develop an efficient, practical catalyst for the isomerization of alpha olefins and 
non-conjugated dienes and polyenes, including unsaturated triglycerides, into more highly 
substituted olefins and conjugated dienes and polyenes.  In 2001, the Larock group reported a 
very efficient homogeneous conjugation system utilizing a homogeneous Rh catalyst. The 
conjugation of vegetable oils, linoleic acid and ethyl linoleate in the presence of this catalyst 
system was carried out under mild conditions and yielded >95% of the conjugated products. 
Furthermore, no hydrogenation was observed during the process.  One possible way to make the 
conjugation process more useful is to employ biphasic reaction conditions. In order to obtain an 
aqueous soluble catalyst, a water-soluble ligand (triphenylphosphine-3-sulfonic acid sodium salt 
- tppms) has been introduced into the reaction system. After screening a number of different 
reaction conditions, we have found that the presence of water inhibits the catalyst’s activity and 
that triphenylphosphine monosulfonate sodium salt (tppms) is the best ethanol-soluble ligand for 
the conjugation of soybean oil when carried out in an ethanol/oil biphasic system. The catalyst is 
stable and completely soluble in the ethanol phase. The presence of certain surfactants (such as 
sodium dodecyl sulfate – SDS) significantly increases the yield of conjugated soybean oil (CSO). 
After a detailed optimization study, a maximum yield of 95% has been obtained, when the 
reaction is run at 80oC under Ar with ethanol as the polar phase, using tppms as the ligand, and 
the surfactant sodium dodecyl sulfate (SDS). 
 
T3.5.  Furan/Pyran Ring Opening 
The overall goal of this work is to develop catalysts for the selective hydrogenolysis of 
heterocyclic compounds derived from biomass and to understand what controls the selectivity in 
these reactions.  For example, 1,6-hexanediol is a valuable intermediate chemical used for the 
production of polyurethane elastomers, coatings, adhesives and polymeric plasticizers.  
Conversion of the terminal alcohol groups to carboxylic acids or amines would provide 
monomers in the production of nylon 6,6.  The production of 1,6-hexanediol from biomass 
would therefore provide a renewable chemical that would be used by existing technologies. An 
extensive study regarding selective ring-opening of 2-(hydroxymethyl)tetrahydropyran 
(HMTHP) has been carried out, and several highly effective catalysts have been identified. 
Specifically, two different catalyst systems have been studied: Rh-based and Pt-based systems, 
both of which display remarkable increases in activity and selectivity in the presence of ReOx 
and MoOx oxophilic promoters.  An important difference between the two catalytic systems was 
observed: 1,2-hexanediol and 2-hexanol (in addition to 1-hexanol and 1-pentanol) were detected 
as by-products when Pt-based catalysts were used. However, only primary alcohols were 
obtained as by-products when Rh-based catalysts were employed.  The work here, in 
combination with efforts in selective dehydration by other projects in this Thrust, demonstrates 
the feasibility of obtaining the commercially valuable six carbon α,ω-diol from a biorenewable 
platform chemical, 5-(hydroxymethyl)furfural. This work involves a novel, and more 
importantly, viable catalytic route not reported or studied elsewhere. 
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T3.6.  Bifunctional Catalysis 
Enzymes commonly employ multiple functionalities at their active sites to promote selective 
and active conversion of bio-substrates.  Therefore, synthesizing novel bifunctional chemical 
catalysts will be an important enabling technology for biorenewable chemicals.  As an example, 
acid and base catalysis will both be important for the conversion of biorenewable feedstocks and 
it is quite common in enzymes that the active site will have an acid and base working in 
cooperation.  Therefore, part of developing a catalytic tool chest for biorenewables will involve 
examining the synthesis of catalytic materials that have coupled catalytic capabilities.  In this 
study, the effect of the chloride salts of sodium, potassium, magnesium, calcium and aluminum 
on glucose dehydration was investigated under nitrogen in batch reactor studies.  All of the 
chloride salts were found to significantly increase the rate of glucose conversion. We found that 
the glucose conversion activity in the presence of the alkaline earth metal ions was significantly 
higher than with the alkalis. Aluminum, a Group III element, and the Group II ions showed 
similar activity. However, at similar conversions, salts of alkaline earth metals lead to higher 
selectivity and hence higher yields for HMF relative to the aluminum salt.  Although the 
selectivity to HMF is significantly reduced due to further reaction of the HMF via degradation or 
humin formation, humin formation can be diminished by extraction of the HMF product to an 
organic layer.  We have filed an invention disclosure on the glucose to HMF system 
“Multifunctional Reaction System for the Selective Conversion of Glucose to 
5-hydroxymethylfurfural (HMF)” Cinlar, Shanks, Dumesic, Pagan-Torres, which is currently 
being reviewed by the member companies. 
 
T3.7.  Hydrothermally Stable Catalysts and Catalyst Supports 
A significant challenge in dealing with liquid phase reactions involving biorenewables is that 
the catalysts developed for gas phase reactions may not be optimal for these applications.  
Specifically, loss of surface area, aggregation of the support and sintering or leaching of the 
metal phase could be significant issues.  Hence, part of the catalyst tool chest involves the 
development of hydrothermally stable catalyst supports and catalysts.  Our previous work shows 
that addition of small amounts (a few atom %) of a heteroatom significantly improves the 
hydrothermal stability of mesoporous silica.  In the past year, the hydrothermal stability of 
mesoporous niobium oxide was explored since niobium-based solids are potentially important 
supports for transition metal catalysts.  Moreover, the activity and stability of niobia-supported 
Pd was investigated in the conversion of gamma-valerolactone to pentanoic acid. Other catalysts 
such as zirconium-modified silica, tungstated zirconia and sulfonated carbon were also evaluated 
in this project. 
 
T3.8.  High-Throughput Catalyst Evolution 
The objective of this undertaking is to employ high-throughput methods to develop artificial, 
single-stranded DNA-based, enzyme mimics.  An initial goal is to optimize enzyme-like DNA 
for hydrocarbon chain extension processes that parallel the biocatalytic efforts of Thrust 1.  A 
corresponding focus will be to seek an understanding of the catalyst features from these enzyme 
mimics that provide molecular insight for achieving short chain fatty acid production with 
biological catalysis.  High throughput strategies using iterative evolutionary methods based on in 
vitro SELEX (Systematic Enhancement of Ligand by Exponential Enrichment) have been 
applied to palladium catalyzed coupling reactions.  Using single-stranded DNA 40-mers as 
active site scaffolds, our recent work has demonstrated the feasibility of rapidly and efficiently 
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optimizing a Pd2+/DNA system for catalyzing the coupling reaction between styrene and 
iodobenzene.  In sixteen rounds of SELEX, we were able to achieve greater than a 105-fold 
acceleration in coupling.  This included decreasing the Pd2+ concentration to 0.1 mol%, lowering 
the process temperature from 40 to 25°C, and shortening reaction times from 12 to 5 hours.  We 
are currently extending this approach to the optimization of DNA-transition metal catalysts for 
the Claisen and aldol reactions. 
 
Response to Major Weaknesses or Threats from Prior Site Visit Reports 
 
In an effort to better integrate the research in CBiRC, a separate meeting of members of 
Thrust 1 and Thrust 3 was held in Minneapolis, MN, on Saturday, December 12, 2009.  Two new 
directions for research in Thrust 3 were defined.  In one, Thrust 3 will initiate a new project in 
the coming year involving the selective conversion of pyrones, which are thought to be 
reasonable chemical targets for Thrusts 1 and 2 to produce biologically.  Presently, there are only 
a few reactions of pyrones that produce aromatic compounds.  The researchers in Thrust 3 will 
focus initially on 4-hydroxy-6-methylpyrone, a pyrone that is commercially available and may 
be the easiest pyrone to prepare.  The Dumesic group will focus initially on selective 
hydrogenation of the pyrone skeleton.  If the initial tests from the Dumesic lab look promising, 
the Davis group may shift emphasis from the current research on selective hydrogenation of 
3-en-2-one molecules to selective hydrogenation of pyrones. The Kraus group will focus initially 
on Diels-Alder reactions with alkenes. 
 
Highlights of Significant Achievements and Impacts 
 
1. A new catalytic method for the dehydration of glucose to 5-hydroxymethlfurfural (HMF) was 
discovered by the Shanks/Dumesic groups in Thrust 3.  Since molecule HMF is a potentially 
important platform chemical normally derived from fructose (which is produced from 
glucose), efficient production of HMF directly from glucose is highly desirable. 
2. A new homogeneous reaction system was demonstrated by the Kraus group to directly 
convert fatty acids to the corresponding alpha-olefins.  This reaction is a major component of 
one of the Center’s test beds. 
 
Life Cycle Assessment (LCA) of Biorenewable Chemicals 
 
Faculty Participants 
 
Position Title Name Department Institution 
Thrust Leader Robert P. Anex Agricultural & 
Biosystems Eng. 
Iowa State 
University 
Faculty Investigator D. Raj Raman Agricultural & 
Biosystems Eng. 
Iowa State 
University 
 
Role of LCA in CBiRC 
 
The research vision of CBiRC includes developing the tools needed to include environmental 
and economic factors in the design and development of new biorenewable chemicals and 
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processes. CBiRC’s educational vision is to produce a new generation of engineers and scientists 
with education both in biorenewable chemical development and its interplay with the 
environment. Life Cycle Assessment (LCA) is a tool that can be used to evaluate whether or not 
an existing or proposed chemical process is truly sustainable by assessing its broader impacts. 
Economic performance, as well as environmental performance, is an important dimension of 
the sustainability of the technology pathways being developed in CBiRC. Within the Life Cycle 
Assessment support area we are applying a range of analysis techniques including techno-
economic analysis to predict economic feasibility. As test beds emerge within CBiRC, a key 
question will be when the “hand off” from biocatalytic conversion to chemical catalytic 
conversion should occur. For example, given the nature and value of the intermediate molecules 
to be produced, one can work backward from conversion of final products through separation to 
determine how concentrated the molecules must be for the biocatalytic process to be feasible. 
Techno-economic analysis is being applied along with a screening form of LCA to provide this 
type of information by evaluating possible alternative process options. This evaluation will not 
only provide a basis for comparing these options, but will also identify the key technological 
bottlenecks and their resulting leverage on the sustainability of the biorenewable chemical 
product. 
 
Research Methodology 
 
Our efforts are proceeding on several fronts. We are developing methods to guide the 
research development efforts of CBiRC early in the research process. We are also developing and 
applying methods applicable when more detailed pathway performance data are available. 
Finally, we are developing life cycle inventory databases that will allow full prospective life 
cycle assessment of CBiRC pathways and products. 
The question of how to guide research and development very early in the process is one that 
is rarely posed. Generally when there is an attempt to evaluate classes of reactions and pathways 
early in the research process, choices among technology pathways are driven by scientific 
curiosity or simple economic calculations neglecting environmental or other considerations. The 
methods being developed in this LCA support area allow a more integrated evaluation across a 
broad range of possible pathways and products and are applicable starting from very early in the 
research process.  The evaluation procedure is iterative. At the earliest stages, we are applying 
what might be called ‘bounding analysis’ on both economic and environmental performance 
from a life cycle perspective. As we develop more detailed process models, we are then able to 
perform more thorough analyses.  
As an example of our current efforts, if we know the proposed feedstock and the major unit 
processes we can do a rough techno-economic analysis to understand the economic outlook. We 
can estimate what sort of minimum production cost is possible and how this compares with 
petroleum-based alternatives, and what sorts of margins are possible under different price 
scenarios. On the environmental side, at the earliest stages we perform what might be termed 
"Tier 0 LCA" – that is, an LCA in which we use only estimates of raw material consumption and 
raw material life cycle inventory (LCI) information from databases, or sometimes LCI's of 
“model” chemicals that resemble in critical ways the ones we expect to produce. With such 
methods we are able to predict some significant environmental impacts and decide what issues to 
focus on during further development. 
It is clear that significant environmental impacts arise from the production of the biomass 
feedstock. Building on these life cycle data we can again add those things that we DO know – 
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such as the minimum carbon dioxide that would be released to reduce the feed material to the 
state of the final product (for example through decarboxylation or dehydration) – and this gives 
us bounding information that allows us to screen the possible pathways on a very limited number 
of environmental impact categories – but this is still very useful. As processes are more fully 
defined we are able to improve our analyses using process models to perform prospective LCAs. 
This sort of life-cycle based feedback is an important guide to the CBiRC scientists 
developing the pathways, processes and products. There are too many examples of exciting 
science that have yielded only impractical products. 
 
Summary of Research Accomplishments 
 
We have developed and applied our early bounding methods to the two CBiRC testbeds. The 
results of this screening are presented in the Project Summary for “Techno-Economic Analysis 
of Making Hydrocarbons from Biomass-Derived Sugars” (Volume II).  The early screening 
results give CBiRC scientists yield targets that guide their research efforts. We have also 
examined in detail two pathways for catalytic conversion of biomass-derived intermediates to 
valuable commodity chemicals. These studies have allowed us to demonstrate the methods we 
have developed for process evaluation when preliminary data are available. 
 
Response to Major Weaknesses or Threats from Prior Site Visit Reports 
 
The SVT expressed concern that the LCA effort was too limited to monitor and analyze the 
numerous efforts underway at the various participating institutions. In response, the funding of 
the LCA effort was increased. 
The SVT pointed out that life cycle assessment could be a valuable guide for the Center and 
the strategic plan and serve to integrate the thrust areas. In response, Robert Anex, the LCA PI, 
was added to the leadership team. 
As suggested by the SVT, the LCA effort will not be delayed until the test beds are fully 
developed.  LCA can be very effective in providing guidance to Thrusts 1, 2 and 3 by evaluating 
potential bottlenecks in the entire process of converting a substrate to commodity chemical.  
While the LCA cannot be very detailed initially, it becomes progressively more detailed as the 
test beds are created and specific products are identified.  In fact, the coupled role of LCA during 
the initial phase of the CBiRC program (Years 1-3) will identify promising venues for hand-offs 
between the various thrust areas for synthesis of a sustainable process. The LCA effort will help 
to integrate the thrust areas by evaluating component technology pathways and serving as a 
communication vehicle among the thrust areas. 
 
Highlights of Significant Achievements and Impacts 
 
1. In partnership with the Dumesic group, we have evaluated two potentially promising 
pathways from biomass-derived feedstock to biorenewable chemicals. 
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3. University and Pre-College Education Programs 
 
3.1. University Education Program 
 
Guiding hypotheses for how CBiRC will develop creative, adaptive and innovative engineers 
who can serve as technology leaders and succeed in a global economy 
 
The education literature contains diverse perspectives and definitions of creativity and 
innovation, and lacks standardized measurement approaches for either. Instead, the literature 
suggests that innovation, creativity, and adaptability are contextual constructs. In CBiRC’s case, 
our guiding hypotheses grow out of the PI’s century-plus of engineering educational experience, 
combined with an understanding of the disciplinary area within CBiRC’s boundaries. Our 
guiding hypotheses are that innovative, adaptive, and creative engineers will: (1) Possess a deep 
understanding of fundamental principles honed by hands-on experiences in design courses, in the 
lab, and/or in industrial internship settings. These experiences and understanding of fundamental 
principles will make them willing tinkerers and critical thinkers who are continuously improving 
the systems on which they work. (2) Have a cross-disciplinary education with sufficient breadth 
to allow serious consideration of alternative solutions. In the context of CBiRC, this means that 
they will be able to see the wide-ranging potential for both chemical and biological catalysis for 
the production of biorenewable chemicals. (3) Understand that economic and environmental 
constraints are central to the practice of engineering, and will be capable of evaluating their work 
based on economic and environmental criteria. (4) Be aware of broader issues of sustainability 
and global ethics, and thereby have a sense of purpose and understanding that CBiRC’s efforts 
are important to humanity’s future. Hypothesis #1 reflects our understanding that creativity is an 
innate human quality (McCrae, 1987; O’Hara & Sternberg, 1999) but that its expression in a 
particular field requires the mastery of the fundamental principles that apply to that field (Dorst 
& Cross, 2001). Furthermore, a wide range of literature supports the idea that hands-on 
experiences enhance disciplinary understanding in engineering and science (Barak & Dori, 2004; 
Carter et al., 2009; Kirby et al., 2006; Pratap & Salah, 2001; Sadler et al., 2009; Seymour et al., 
2004). Hypothesis #2 relates to both creativity and adaptivity, and reflects our understanding that 
the breadth of an engineer’s knowledge limits the scope of solutions that he or she can propose 
(Kahn & Pullen, 2007; Lindsay, 2008; Lock et al., 2009; Yeary et al., 2007). Thus, it is the 
combination of fundamental understanding and breadth of training that can truly increase the 
creativity and adaptivity of engineers. Furthermore, using one’s creativity to innovate requires an 
understanding of the larger social, environmental, and economic context in which products are 
developed (Hunter et al., 2006; Wallin & Sauer, 2009). This understanding motivates both 
hypotheses #3 and #4. 
 
Programs, activities, and assessment methodologies (formative & summative) to test the 
hypotheses 
 
To test these hypotheses, the University Education (UED) program has developed and 
implemented three programs: an REU, a graduate minor, and a student seminar series. We ran 
the CBiRC-centered REU program in Summer, 2009, and will run it again in Summer, 2010. On 
February 10, 2010, we received formal university approval at the lead institution for a novel 
14-credit hour Graduate Minor in Biorenewable Chemicals. We are working to make this minor 
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available at all partner institutions. On February 17, 2010, the first academic-year student 
seminar series took place using web technology to connect students at all sites to the 
presentations. 
The REU program uses a combination of closely mentored CBiRC-relevant lab work and 
thrust-specific seminars to provide a deep understanding of fundamental principles honed by 
hands-on experiences. The REU seminar series also addresses our goal of providing cross-
disciplinary education, as students learn from multiple CBiRC PI’s. REU seminar series lectures 
on life cycle analysis and about sources and challenges of biorenewable resources provide 
economic and environmental context, and introduce ideas of sustainability. The end-of-program 
posters and presentation session offers an opportunity to highlight the learning and 
accomplishments of each REU participant. 
The Graduate Minor in Biorenewable Chemicals will allow graduate students (primarily Ph.D.-
seeking students) from a variety of allied disciplines to understand the opportunities for developing 
biorenewable chemicals via a combination of biocatalytic and chemical catalysis steps, motivated by 
our desire to provide a cross-disciplinary education with sufficient breadth to support serious 
consideration of alternative solutions. Hands-on research experiences in CBiRC labs and in 
industrial settings will provide these students a deep understanding of fundamental principles. 
Required coursework will provide background in the general issues related to production and 
processing of biorenewable resources (Fundamentals of Biorenewable Resources and Technology, 
3 cr.), exposure to the economic and environmental realities of the chemical industry (The Evolving 
Chemical Industry, 1 cr.), and explicit training in CBiRC’s core intellectual area – the combination of 
biological and chemical catalysis (Biological and Chemical Catalysis, 3 cr.). Additional rounding out 
of students in areas outside their own disciplines comes from a coursework requirement to take at least 
six hours of coursework from two of the three thrust areas. Table 3.1 lists the courses associated with 
each thrust at the lead institution. Additional professional training of students in the graduate minor 
will occur through the annual CBiRC center-wide working meeting, where students will present 
posters and learn about one another’s research findings, and thereby gain a better appreciation for both 
chemical and biological catalysis routes for producing biorenewable chemicals. 
 
Table 3.1.  Thrust-course mapping for graduate minor program at lead institution. 
Course Title Thrust 1 Thrust 2 Thrust 3 
BBMB 404 Biochemistry I X   
BBMB 405 Biochemistry II X   
BBMB 531 Structure and Reactivity of Biomolecules X   
BBMB 541 Computational Biochemistry  X  
BBMB 569 Bioinformatics III (Structural Genome Informatics)  X  
BBMB 607 Plant Biochemistry X   
BBMB 622 Carbohydrate Chemistry X   
BBMB 642 Mechanisms of Enzymatic Catalysis X   
BCB 444/544 Introduction to Bioinformatics  X  
BCB 567. Bioinformatics I (Fund. of Genome Informatics)  X  
BCB 570 Systems Biology  X  
BioE 4xx Systems Biology for Engineers 
(Under development, number not yet assigned) 
 X  
Ch E 688 Catalysis and Catalytic Processes   X 
Ch E 382 Reaction Engineering   X 
Ch E 515 Biochemical Engineering  X  
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Ch E 562 Bioseparations  X  
Ch E 625 Metabolic Engineering  X  
Chem 572 Organic Spectroscopy   X 
Chem 574 Organometallic Chemistry   X 
 
A hybrid logic model (Figure 3.2) summarizes the relationships between CBiRC’s university 
educational activities and our guiding hypotheses. The model depicts the UED program’s efforts 
and potential changes that it intends to achieve (Kellogg Foundation, 2004), and accommodates 
the dynamic, multi-faceted, and evolving nature of the program. Perrin (2000) noted the need 
“for a new conceptual model for discussing and evaluating public science that acknowledges that 
the nature of the impact of innovation is mediated through context and interaction with many 
other activities.” By integrating ‘theory’ and ‘activity’ types of logic models, the hybrid model 
addresses Perrin’s requirements, allowing a method of readily understanding the nature and 
breadth of the program’s efforts and desired impacts. 
 
 
Figure 3.2.  Hybrid Logic Model. Light yellow represents REU-related activities, light 
blue represents graduate minor-related activities, and light green represents activities 
related to both the REU and the graduate minor. 
 
The hybrid logic model shows causal links between the program’s overarching goal, working 
hypotheses, and activities. Arrows link conceptual constructs to activities, using the following 
scheme: Thick arrows link hypotheses to goals. Thin arrows link activities to the primary 
hypotheses served, and dotted arrows link activities to secondary hypotheses served. 
As shown in Figure 3.1, the REU program tests all four hypotheses. Specifically, the lab 
work, which is central to any REU experience, hones hands-on experiences (addressing 
Hypothesis #1) and engenders comfort tinkering. A series of thrust-specific lectures from faculty 
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expose the REU students to CBiRC’s interdisciplinary nature (addressing Hypothesis #2). 
Additional lectures on life-cycle analysis and on the challenges of biorenewables in a global 
context address Hypotheses #3 and #4. 
The graduate minor program is motivated by all four of CBiRC’s hypotheses regarding 
innovative, adaptive, and creative engineers. Specifically, research labs and companies will 
provide hands-on experiences, thus making students comfortable with thinking critically and 
with tinkering (Hypothesis #1). The new graduate course in chemical and biological catalysis 
and requirement of taking additional coursework in two of the three thrust areas will expose all 
graduate minors to the importance of interdisciplinary work in achieving CBiRC’s goals 
(Hypothesis #2). The new graduate course in the evolving chemical industry, along with the 
required course in fundamentals of biorenewable resources, will provide grounding in the 
importance of economic and environmental constraints (Hypothesis #3) in the development of 
biorenewable chemicals. Finally, seminars and the fundamentals of biorenewable resources 
course will consider broader issues of sustainability (Hypothesis #4). Although not finalized at 
the time of this writing, a new course in Life Cycle Assessment by the CBiRC LCA Leader 
(R. P. Anex) could add significantly to the strength of our ability to test Hypothesis #3. 
To test how well the activities selected are addressing our guiding hypotheses, CBiRC is 
conducting formative and summative assessments at multiple points along the trajectory of 
students in our educational programs using a mixed-method approach (quantitative/qualitative) 
to data collection and analysis. In the REU program, students self-assess on the first day of the 
program, during mid-program (week 5), at the end of the program, and six months after the end 
of the program. These formative assessments provide insights into how students are progressing 
through the REU experience, and are online surveys comprised of a combination of quantitative 
questions growing directly out of the hypotheses (e.g., they are asked to rate their level of 
comfort tinkering in the lab) and open-ended questions to share their perspectives in their own 
voices. In addition, mentor interviews (of both graduate students and faculty) are conducted at 
the end of the program to understand how the REU experience worked for them, and to get the 
mentor evaluations of the abilities of the REU’s on hypothesis-pertinent skills. Together, the 
multiple student self-assessments and the mentor interviews provide a summative assessment of 
a single year’s REU, and enable us to assess outcomes and examine how well the program is 
meeting stated goals, and to make changes to improve the program for the following year. 
The graduate minor will employ a similar multiple-stage assessment process. Table 3.3 
summarizes some of the key assessments anticipated for the program. 
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Table 3.3.  Assessment methods for Graduate Minor in Biorenewable Chemicals. 
Assessment Type Target 
When 
Conducted? 
Hypothesis 
Tested 
Primary Question 
to be Answered 
Student self 
evaluation 
Students in 
Chem/Bio 
Catalysis 
Beginning and 
end of course 
(started Jan. 
2010) 
#1 Is course giving students 
insight into both biological 
and chemical catalytic 
routes? 
Reflective journaling Students in 
Chem/Bio 
Catalysis 
Middle and end 
of course 
(Begin late Feb. 
2010) 
#1 Is course giving students 
insight into both biological 
and chemical catalytic 
routes? 
Student self 
evaluation 
Students in 
Fundamentals of 
Biorenewable 
Resources 
Beginning and 
end of course 
(Begin Jan. 
2011) 
#3, #4 Is course giving students an 
understanding of key 
economic and 
environmental challenges of 
replacing petroleum with 
biorenewables? 
Student self 
evaluation 
Students in 
Evolving Chem 
Industry 
Beginning and 
end of course 
(Aug. 2010) 
#3, #4 Is course giving students 
insight into the nature of the 
current chemical industry 
and the technical challenges 
of substituting 
biorenewables for 
petrochemicals? 
All-student survey Overall research 
experience 
Ongoing, first 
survey 
complete 
summer 2009 
All Effects of research 
experiences on research 
skills, as well as all topics 
covered in hypotheses 
Web of Science 
analysis of 
publications by 
Graduate Minor 
participants in 
comparison to non-
GM participants in 
same departments 
All CBiRC 
Graduate Minor 
1 year after first 
graduate of 
program (2012 
likely) 
#1, #2 Are CBiRC Graduate Minor 
students innovating and 
publishing innovations in 
high impact factor journals? 
 
Progress and Plans 
 
CBiRC conducted the inaugural REU program at ISU in the summer of 2009. We recruited 
students via a CBiRC website, by soliciting CBiRC partners, by e-mail to faculty at minority 
serving institutions, by direct e-mails to underrepresented minority students who participated in 
recruitment activities at ISU, and by face-to-face recruitment efforts at regional and national 
meetings of the National Organization for the Professional Advancement of Black Chemists and 
Chemical Engineers. The program accepted seven undergraduate students but due to a serious 
hand injury, one student withdrew just before the program. In addition to the six REU’s who 
were undergraduate students at the time of their application, two student participants in the ISU 
Summer Program for Enhancing Engineering Development (SPEED) Research Track joined the 
REU program. The SPEED program is a transition program for incoming underrepresented 
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freshmen students in the College of Engineering. One SPEED student withdrew for medical 
reasons halfway through the summer, so seven students total completed the program. The six 
undergraduate students (50/50 men/women) were from four universities, majoring in chemical 
engineering, chemistry, biochemistry, and molecular biology. Their projects included a range of 
topics covered by CBiRC faculty. The program comprised formal and informal activities 
including orientation, lab work, a series of lectures by CBiRC faculty, workshops, seminars, field 
trips, lab tours, weekly lunches with the program coordinators, and student team building social 
events. The lecture series included a CBiRC overview, biorenewables, bioethics, and life cycle 
analysis. Workshop topics included bioethics, communications, technical writing, graduate 
school, virtual reality experience, and engineering in the bioeconomy. REU students actively 
participated in their individual lab team meetings where they shared project progress. The REU 
poster session was a culminating event of the program. 
An evaluation was conducted to assess changes in the REU students’ perceptions on research 
and interpersonal skills, changes in their perceptions related to individual research projects and 
connection with the CBiRC community, gains in their understanding of CBiRC research, and 
gains in their knowledge of research methods, data interpretation and justification, and 
communication of results across disciplines. The evaluation also sought to capture the mentors’ 
perspectives on their mentoring experiences and the REU students’ overall learning 
accomplishments. The information gained from the pre- and mid-program evaluations was used 
to assess progress in meeting program objectives and are being used to improve the 2010 
implementation and evaluation design. Students felt that the greatest challenges were related to 
learning sterile techniques, the relatively small size of our REU cohort, the short project 
duration, the shift from their home campus to a new one, and the challenges of learning many 
new concepts in a short time. To improve the experience, students suggested increased 
events/interaction with other REU sites, more time for development of the research projects, and 
additional recreational activities. High points identified by students at the end of the experience 
included the center-wide meeting, the thrust lectures, seeing their research posters, learning new 
lab techniques, working independently in the lab, and getting lab methods to work and 
understanding those methods. 
At the time of this writing, the 2010 REU planning is well underway, and over 150 student 
applications are in hand. Several applications have been received from University of Maryland 
Baltimore County, likely because of President Freeman A. Hrabowski, III, who was the keynote 
speaker at the 2009 Diversity Fair at the lead institution. CBiRC’s Diversity Director organized 
the fair, and CBiRC co-sponsored the luncheon at the fair. 
CBiRC faculty proposed 21 projects, which we listed on the website. Six of the 21 project 
proposals come from CBiRC faculty at partner institutions: we are planning a unique REU 
experience for approximately three or four of the 15 students who will come to the lead 
institution for a 5-day orientation, and who will then travel to a partner institution for the 
duration of the REU. We will hold weekly teleconferences with all the REU students and will 
use a presentation format at the end of the summer to bring the entire CBiRC community 
together to see presentations by the REU students at all locations. Two of the remaining 11 or 12 
REU students will likely come from the previously-described SPEED program. Although the 
ERC budget only allows 12 total students, the success of CBiRC faculty in securing other funds 
allow us to expand the program to 15 students, thus increasing our students impacted by 25%. 
In the Spring of 2010, the 3-credit hour Ch E 688 Catalysis and Catalytic Processes course 
was modified and offered on-campus and online to the students at the lead (ISU) and two partner 
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institutions (U-VA and U-NM). This course provides a survey of catalysis fundamentals for both 
heterogeneous catalysts and biocatalysts relative to synthesis, characterization, and reaction 
testing, including discussions about the analogies and differences between heterogeneous 
catalysts and biocatalysts. 
The 1-credit hour Evolving Chemical Industry course will provide students with an understanding 
of the realities of industrial chemical production that is often absent in chemical engineering and 
related curricula. CBiRC Director Brent Shanks will teach the course. His decade of experience in a 
large multinational fuel and chemicals company is the core knowledge base for the class. As written 
and approved, we envisioned additional industrial experience to be provided by internships of CBiRC 
graduate students with the Center’s industry members. However, our industry members have had a 
mixed response to the idea due to intellectual property issues – particularly in start-ups. We are 
therefore planning to develop a 1-credit Innovation & Entrepreneurship course with leadership 
from the Industrial Collaboration and Innovation Director (Keeling), assisted by industry members 
and the Pappajohn Center for Entrepreneurship (Eyles). This course will be offered at the 400/500 
level in an online format, so that any CBiRC student, graduate or undergraduate, can learn about 
entrepreneurship in a technological setting. Our vision is that topics including human resources in 
technology organizations; behavior of technology professionals; leadership in technology; managing 
technology projects; and technology transfer will be covered. We expect this 1-credit course to replace 
the graduate minor requirement for a 1-credit Entrepreneurial Internship. However, we are not giving 
up on having some number of CBiRC students do internships with member companies. The 
Pappajohn Center has successfully been placing students in IP-sensitive companies for years, using 
standard non-disclosure statements and having students paid through the university; we will explore 
these possibilities with our industry partners. 
The lead institution approved the graduate minor just days before the writing of this report. 
Work on this goal had been ongoing for 18 months, and achieving this goal required formal 
approvals from five curriculum committees, five department heads, two college curriculum 
committees, the college faculty for one of the colleges, two college deans, the Faculty Senate 
Curriculum Subcommittee, the Dean of the Graduate College, and the Executive Vice President 
and Provost. We have written and ratified a governance document for the graduate minor, and 
have formed a Program Coordinating Committee to oversee the minor. 
Through the SLC, CBiRC-affiliated graduate students have expressed their interest in the 
graduate minor, and have requested the minor be available at partner institutions. Approval of 
cross-university minors is non-trivial (if not impossible) to execute, but we have formulated a 
vision in which any CBiRC student – regardless of home institution – can take the core courses 
online at no additional tuition cost. In this model, CBiRC will pay the delivery fees associated 
with the online courses at Iowa State University. Furthermore, we are asking SLC members at 
each partner institution to generate a version of Table 3.1 based on courses available at their 
university. At each partner, with the core-courses online, and with thrust-relevant courses 
identified, faculty can work to get approval of a certificate or graduate minor. 
To extend CBiRC’s university educational impacts beyond the REU and graduate minor, a 
CBiRC Student Seminar Series has been created. The purpose of this series is to foster 
communication and interaction among students across partner institutions. The CBiRC SLC 
volunteered to organize the seminars. Seminar format will be monthly, 1-hour, and web-based 
starting in February, 2010. Each presenter will use the 3-plane chart as a reference point to begin 
his/her presentation, indicating where on the chart his/her work lies. Students will present their 
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research and obtain feedback. All CBiRC technical members – faculty, postdocs, scientists, 
graduate students, and undergraduates – will be encouraged to participate in the seminars. 
 
Assessment Results 
 
The assessments showed that students enhanced their research and interpersonal skills while 
participating in the summer 2009 REU program. In particular, at the end of the program students 
either agreed or strongly agreed that they (a) could apply knowledge from different areas to solve 
current problem, (b) became comfortable tinkering in the lab, (c) could effectively apply the 
scientific method and develop a procedure to address a research problem, (d) were good at 
analyzing and interpreting data generated from analytical procedures, (e) understood ethics that 
applied to their disciplines, and (f) had a good idea of the type and depth of information that 
should be included in a research report. This uniformly reflected an increase in those self-
assessed traits from the beginning of the program. Further, at the end of the program all students 
strongly agreed that they saw the potential for both chemical and biological catalysis for the 
production of biorenewable chemicals. Students gained a good understanding of career choices 
and graduate degree option in their field of studies. All students indicated their continued interest 
in research. 
Six months after completing the summer REU, five of six respondents indicated participating 
in a research projects during the 2009 fall semester, and four conducted CBiRC research during 
the fall. Students valued all REU program activities as they continued their studies. The most 
valuable activities included poster presentation, hands-on experiences, and mentoring by CBiRC 
faculty and/or scientists. Examples of students’ comments about the most valuable experiences 
in REU included:  
• The most valuable experience was to be able to participate in all CBiRC meetings and feel 
part of the team where I could see how my work was helping. 
• The most valuable was the experience and knowledge in the lab I gained through the 
summer. I had only completed one year of college buy that time and I did not have any 
experience in a lab.  
• Gaining experience that I did will help me out a lot in the future with classes and other 
research opportunities. 
• The opportunity to work in a lab for an extended period of time – this was the first time I had 
a chance to do this. 
• While the majority of the informative lectures and seminars were very useful, there's no good 
substitute for hands-on experience. The CBiRC REU was the first opportunity I had to 
participate in a legitimate research project and be a part of a graduate research group. 
Since I am planning on attending graduate school in the future, anything revolving 
around/regarding graduate research and the graduate experience was very valuable to 
prepare me for my future academic careers. 
• The most valuable experience were working hands on in the laboratory and being pushed out 
of my comfort zone, which both contributed to growth. I gained a greater understanding of 
biochemistry and learned how to solve problems using biochemistry applications in the 
laboratory. Being away from home, I experienced what it would be like to go to graduate 
school out of state and noticed my ability to adapt to new surroundings. Also, giving oral 
presentations helped to enhance my oral communication skills and gave me a feeling of what 
it would be like to be a grad student as a member of the group. 
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Sixty-seven CBiRC students (undergraduate and graduate students and postdoctoral research 
associates in all partner institutions) received the CBiRC All Student Survey in June 2009. The 
survey sought an understanding of potential effects of participation in the CBiRC research 
projects on students (a) research experiences and knowledge in the area of biorenewable 
chemicals, (b) engagement in CBiRC, and (c) career paths. Responses to the CBiRC All Student 
Thirty-six students and postdoctoral research associates responded (54% response rate), with 
1 undergraduate, 27 doctoral graduate students, and 8 postdoctoral research associates 
participating. While working on CBiRC projects, 75% conducted experimental research work, 
33% performed computational research work, 42% mentored an undergraduate student, and 53% 
presented a poster. Because of involvement in CBiRC research, 97% fostered their critical 
thinking, 93% refined their understanding of fundamental principles (e.g., engineering, 
chemistry, biochemistry, etc.), and 80% became more comfortable tinkering in the lab. Almost 
all respondents (94%) gained a better appreciation of collaboration and enhanced their 
collaborative skills. Virtually all (97%) respondents agreed that their involvement in CBiRC 
helped them see the potential for both chemical and biological catalysis for the production of 
biorenewable chemicals. The majority of respondents (86%) agreed that their involvement in 
CBiRC helped them understand the importance of economic constraints on engineering decisions 
and the potential environmental impact of their work and provided them with opportunities to 
engage in learning about broader issues of sustainability and to work in an interdisciplinary 
research setting. Most respondents felt that they were members of the CBiRC community. 
Respondents said a major benefit of CBiRC was the opportunity to collaborate in large research 
projects and to interact and network with a diverse group of students and scientists outside one's 
own discipline. A majority of the respondents (86%) were interested in continuing to work on 
their current CBiRC research projects. Representative student comments in the open-ended 
portions of the All Student Survey included: 
• The impact has been significant so far. I have developed a passion for research and an 
interest in the fields of catalysis and alternative energy. My work has already opened doors 
for me (internship in ExxonMobil) and I see it is doing more of the same in the future. 
[undergraduate student] 
• I had no background in catalysis or undergraduate research going into this [CBiRC 
research], but it has been one of the best decision I have made since coming to [university]. 
I have learned a great deal. My undergraduate research experience has been more than 
I could have ever hoped for. [undergraduate student] 
• [CBiRC] has helped me to see a big picture of how putting many ideas and fields together, 
plus collaborating can really take you to a whole new level professionally. [graduate 
student] 
• [CBiRC research experience impact on student professional career] Developing 
collaborative research skills, having access to state-of-the-art equipment and facilities, and 
understanding the importance of communication/unity in a large research environment. 
[graduate student] 
• My involvement with CBiRC would be helpful in getting jobs in biotech and chemical 
industry, as it would mean I have interdisciplinary skills, experience in a large collaborative 
effort, and knowledge of how to produce bio-renewable chemicals. [graduate student] 
• It is rewarding that we are cooperating with other labs. I feel good to be involved in this 
integrated project and know what I am doing is important. [graduate student] 
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• I think the cross-disciplinary interactions within CBiRC are invaluable for gleaning new 
insights into old problems, and for stimulating ways of thinking about one’s own area of 
specialization. [postdoctoral research associate] 
 
Education – Research Synergisms 
 
As reflected in the assessment results in the previous section, CBiRC’s research activities are 
central to the education of students. Notable contact points between the research effort and 
educational programs include: 
• The creation of a novel graduate minor reflects a major curricular change that occurred due 
to CBiRC’s existence. The intellectual foundations of the minor come directly from the 
thrusts and from the educational hypotheses presented at the beginning of this UED section. 
• The incorporation of biological and chemical catalysis into the Ch E 688 course (one of three 
core courses in the graduate minor). 
• Students are citing the value of working across labs and institutions as critical to their growth 
as scientists and engineers (see comments in previous section). 
 
REU Integration into Center Research 
 
REU students were actively involved in CBiRC research in Year 1 (2009). Research projects 
included developing a new enzyme catalyst for the production of suite molecules using E. coli, 
the catalytic decarbonylation of fatty acids to form α-olefins, exploring the inhibitory effect of 
short-chain fatty acids on E. coli. growth, optimizing the purification process of ketoacyl 
synthases, using principal component analysis statistical methods on metabolomics data from a 
cuticle mixture, and isolating thioesterases from coconut (cocos nucifera) – all topics that are 
central to the research missions of the CBiRC labs in which they worked.  Actual expenditures 
for the REU in 2009 totaled $50,737 and came from NSF. Anticipated REU program 
expenditures in 2010 are approximately $100K due primarily to a doubling of student numbers. 
In 2010, we will be growing the program from 6 or 7 to 15 students, in part due to funding 
from an EFRI grant for three of the students. Projects for 2010 include: algae production in 
municipal wastewater for biofuels and chemicals, bifunctional catalysts for coupling of 
biorenewable-derived molecules, biobased coatings and composites, catalytic hydrogenolysis of 
biorenewable-derived molecules, classification of fatty acid and polyketide synthesizing 
enzymes, confirmation and heterologous expression of candidate genes involved in hydrocarbon 
biosynthesis, the conjugation of dienes and polyenes, conversion of pyrones into aromatic acids, 
developing novel acyl-ACP thioesterases by random mutagenesis and high throughput screening, 
developing novel biocatalysts from ketoacyl-ACP synthases by directed and random 
mutagenesis, directed evolution of fatty acid tolerance in E. coli and yeast, engineering fatty acid 
tolerance in E. coli and yeast, engineering plant enzymes to produce short-chain methylketones, 
genetic engineering of E. coli for chemical production, Green!Quest videogame, heterogeneous 
catalysts for biorenewable conversions, metabolic engineering of E. coli for enhanced fatty acid 
production, metabolic engineering of yeast for the synthesis of short-chain fatty acids, respiro-
fermentative metabolism for the production of advanced biofuels from glycerol, selective 
catalytic ring opening of furan compounds, and testing and optimization of DNA-based catalysts. 
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Partnerships with Louis Stokes Alliance for Minority Participation (LSAMP) and Alliance 
for Graduate Education and the Professoriate (AGEP) 
 
Despite significant numbers of graduates from AGEP programs at the top 25 doctoral 
programs in the country, low matriculation into faculty positions have occurred. To address this 
issue, the AGEP program at ISU is shifting its focus from strictly graduate students to include 
postdoctoral researchers. At the time of this writing, CBiRC faculty at the lead institution are 
being asked to consider supporting an AGEP postdoc or graduate student in the fall of 2010. The 
AGEP program actively recruits underrepresented minorities to the CBiRC summer REU and 
graduate programs by attending events such as HBCU-UP (Historically Black Colleges and 
Universities Undergraduate Program) and LSAMP meetings, and developing collaborations with 
faculty at minority serving institutions. CBiRC faculty will have opportunities to participate in 
these recruiting trips and to develop collaborations with faculty who match their research 
interests. 
The CBiRC University Education Program Director (Raman) serves on the ISU GMAP 
(Graduate Minority Assistantship Program) faculty council (whose purview includes GMAP, 
AGEP, George Washington Carver Doctoral Scholars, and McNair Programs on campus) and is 
drafting a memorandum of understanding (MOU) between CBiRC and AGEP with a focus on 
mentoring graduate students and postdocs. CBiRC expects to have this MOU complete by the 
time of the 2010 site visit in May. 
There is not a regional LSAMP at present, but the GMAP faculty council chair (Assistant 
Dean of the Graduate College, Adin Mann) is developing a proposal for one, in conjunction with 
multiple institutions in the region (including University of Iowa, University of Northern Iowa, 
and the University of Nebraska) for submission in October 2010. Dean Mann indicates that 
CBiRC can play an important role in the LSAMP proposal through its pre-college efforts, which 
are effectively building the regional pool of talented underrepresented minorities pursuing 
science and engineering. As the LSAMP proposal comes together, we anticipate that CBiRC will 
participate formally in some way. 
 
International Programs 
 
The international program involves several components – student research internships at our 
collaborator sites, students taking courses at our international partner sites, student participation 
in summer schools, visits by U.S. faculty to EU sites, and reciprocal visits by students and 
faculty from our EU partners to the U.S. institutions.  Each of these contributes to the overall 
training of engineers to be successful in a global economy.  The research internships provide 
valuable training for students since they must work in multidisciplinary teams, learn new ways of 
doing research, and also gain access to techniques and equipment not available at their home 
institutions.  The summer schools provide them exposure to a new set of instructors who provide 
them with in-depth knowledge of the latest advances in the field.  The chance to spend a week 
with some of the leading researchers in the world serves as an important component of the 
educational program.  Finally, the faculty visits provide a chance for the U.S. PI’s to learn about 
research at our partner institutions, and to develop longer term research collaborations.  By 
having our students attend regular courses in the EU institutions, we gain insight into how 
teaching at the graduate level is organized by our peers.  For example, we have learned that most 
courses are taught at the master’s level, and few if any courses are taken by Ph.D. students.  The 
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master’s level courses are organized differently, with a significant hands-on component and 
longer contact time with the instructor. Also, in several of our partner institutions, the Ph.D. 
student has a rigid timeline, and an obligation to finish his/her Ph.D. within exactly 3 years of the 
time s/he begins the program.  Finally, with our involvement in the international program, we are 
able to increase the number of visits by our EU partners to our institutions.  So far, these have 
been confined to faculty visits, but we expect soon to have reciprocal exchanges of students and 
postdocs.  Overall, the goal of the program is to develop engineers who have the ability to be 
successful in a global research environment. 
 
Response to Major Weaknesses and Threats from Prior Site Visit Reports 
 
SVT Comment:  Although it was noted that one course will be shared across partners, it was not 
clear from the presentation if the minor will be offered at all Center campuses. 
 
Having the minor available at all campuses will be ideal. As indicated above, we are actively 
pursuing extending the graduate minor to all partners. 
 
SVT Comment:  If the fundamentals course could be dual listed as an upper level undergraduate 
course this would increase the impact of the Center on the undergraduate curriculum and also 
serve as a recruitment tool. 
 
The fundamentals course is an advanced graduate course and not easily converted to 400/500 
level. In contrast, the Evolving Chemical Industry course and the Fundamentals of 
Biorenewables course are both offered so that advanced undergraduates can take them. 
 
SVT Comment:  An REU program has been developed but unfortunately, it is planned that this 
will be the only group used to test the Center’s Gen-3 ERC educational hypothesis. 
 
The educational hypotheses are being tested on REU students, participants in the graduate 
minor, and all other CBiRC students through a comprehensive assessment program. 
 
SVT Comment:  A significant omission is the lack of a planned CBiRC Gen-3 ERC 
Undergraduate Research Program during the academic year for students on their home 
campuses. This type of program must provide long-term research experience for participating 
students, offer a truly cross-disciplinary educational experience, and offer the specialized Gen-3 
ERC experiences. 
 
The 1-credit student seminar series for all undergraduate and graduate students in CBiRC 
addresses this concern. 
 
SVT Comment:  It could be considered to send undergrads that did research during the 
academic year in one institution to another institution for an REU in the summer. 
 
We have students working in labs at their home institutions during the academic year. In 
2010 (PY 2 for the REU), we matriculate 15 students into the REU. All will come to ISU for a 
kickoff week of CBiRC orientation and team building. But then three or four will go to partner 
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institutions for the duration of the summer, and we will use the web to stay connected through 
weekly team meetings, and through inclusion of them in a final research presentation. 
 
SVT Comment:  There are tremendous opportunities for exchanging students at both the 
undergrad and grad levels through short and longer lab rotations, which could be formalized so 
that students get credits for these research rotations in another institution or industrial partner. 
 
We are using the seminar series to allow students at all sites to stay intellectually connected 
year round. Between this and the REU exchange program, we believe that significant cross-
institutional collaboration will be engendered. 
 
SVT Comment:  Instruction of students in patent law, IP, reading and preparing patents, 
identifying and pursuing IP ideas, patent litigation, and possibly starting a small company is 
necessary to test the Gen-3 hypothesis. 
 
We are working with the Industrial Collaboration and Innovation Director to address this. 
Possible routes include (1) having lectures on these topics in the Evolving Chemical Industry course, 
(2) having seminars by Industrial Collaboration and Innovation Director in the student seminar series 
or (3) addressing the challenges with the entrepreneurial internship by creating a 1-credit hour short 
course dedicated to this content. 
 
SVT Comment:  The Center has listed the desired characteristics of students that are consistent 
with Gen-3 requirements – “Gen-3 centers will design an education program to develop 
creative, adaptive and innovative engineers capable of success in a global economy that includes 
formative and summative assessment” – but there are no measureable goals regarding these 
areas. There does not seem to be a clear congruence between these desired outcomes and 
activities thought to produce these characteristics. For example, if it is desired to produce 
students who are creative, how is creativity defined, what does the literature say is helpful to 
achieve this, what activities have been selected consistent with the literature, and how will 
changes in creativity be measured? Similar paths that lead to innovative and adaptive students 
should be identified. 
 
We created a logic model to link our hypotheses to activities, and have addressed these issues 
in the first section of the UED report. 
 
SVT Comment:  How will students learn innovation? The role of the Pappajohn Center in the 
education program was largely absent from the discussions and the report. An internship 
program is planned but the goal is to place only three students in internships by 2011, which 
does not seem to be a large enough effort to meet the stated goal. And will an internship produce 
innovative students? 
 
As we discussed the idea of entrepreneurial internships in startup companies with our venture 
capital partners, the partners were pessimistic about the program feasibility due to intellectual 
property challenges. We are therefore planning to develop a 1-credit Innovation & 
Entrepreneurship course with leadership from the Industrial Collaboration and Innovation Director 
(Keeling), assisted by industry members and the Pappajohn Center for Entrepreneurship (Eyles). This 
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course will be offered at the 400/500 level in an online format, so that any CBiRC student – graduate 
and undergraduate – can learn about entrepreneurship in a technological setting. Our vision is that 
topics including human resources in technology organizations; behavior of technology professionals; 
leadership in technology; managing technology projects; and technology transfer will be covered 
therein. We expect this 1-credit course to replace the graduate minor requirement for a 1-credit 
Entrepreneurial Internship. However, we are not giving up on having some number of CBiRC 
students do internships with member companies. The Pappajohn Center has successfully been placing 
students in IP-sensitive companies for years, using standard non-disclosure statements and having 
students paid through the university; we will explore these possibilities with our industry partners. 
 
SVT Comment:  Additionally, it is planned that only two students a year will participate in 
international research. Given the size of the Center this number seems very low and does not 
meet the goal of training engineers that are successful in a global economy. 
 
As noted by the reviewer in the prior bullet, internships alone do not produce innovative 
students. Similarly, international research experiences are not equivalent to being successful in 
the global economy. However, the international exchange program has more participants than 
noted. During the previous reporting year (2009-2010), a total of 3 graduate students and 
1 undergraduate student did research internships at our EU partner site.  A total of 9 graduate 
students participated in the summer school held in Denmark.  This was the second year of our 
program, the numbers will grow in the third year and we anticipate that 8 graduate students and 2 
undergraduates will go for international research internships and a total of 22 graduate students 
will attend the summer school. 
 
SVT Comment:  Additional measureable goals were identified for graduate programs. To 
measure the creation of a cadre of CBiRC students, it is proposed to count the number of 
students participating in the annual meeting. Again there is a disconnect between the goal and 
measurement. Attendance at a meeting does not necessarily imply identification with the 
program, and all CBiRC students should be required to attend the annual meeting. There are 50 
graduate students listed in the Center, so a goal of 20 in attendance at the annual meeting seems 
low. If this remains a goal then a better metric should be developed. Similarly, measuring 
attendance of undergraduates at the annual meeting as a measure of the development of a cadre 
of students also seems inadequate. In addition, the Gen-3 educational hypothesis testing should 
not be applied just to undergraduates. 
 
We have revised our approach and are not simply counting attendance; rather, we are 
conducting comprehensive and systematic assessments (hypotheses-based) on all CBiRC 
students. 
 
SVT Comment:  CBiRC has leveraged existing efforts at ISU and the primary focus for diversity 
has been placed on the REU and precollegiate levels. On the graduate level, it was stated that 
the precollegiate and undergrad program will lead to graduate diversity. A more active 
mechanism should be developed to increase diversity of the graduate students. Potential pools 
from which to recruit include McNair and LSAMP students. It will be important for the Center to 
develop a Diversity Strategic Plan that describes plans to expand diversity efforts to all partner 
campuses as well as to include undergraduate academic year researchers, graduate students, 
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and faculty. The University Education Collaboration meeting is a good start at networking with 
minority serving institutions. The role of UNM in increasing the involvement of Hispanic 
students was not discussed. 
 
As described earlier in this report, we are involved with the AGEP/LSAMP groups on our 
campus and are working on a formal MOU with the AGEP group. 
 
SVT Comment:  The Center has partnered with ISU’s Research Institute for Studies in 
Education for assessment to conduct a comprehensive evaluation program. While it is laudable 
that an evaluation plan has been developed, an alignment of goals and metrics and an 
understanding of the connections between activities and desired results would be useful. The 
CIPP model will provide the Leadership team with valuable information, but its relation to the 
goals listed in the Education section is unclear. 
 
The logic model shown earlier has been used by RISE to develop a comprehensive and 
systematic assessment plan that covers all CBiRC students at multiple times in their participation 
with CBiRC. For example, REU students are assessed four times. Participants in the seminar 
series are assessed after each seminar. The entire student body is assessed annually. Students in 
the core Ch E 688 and upcoming Evolving Chemical Industry class are assessed pre- and post-
course.  However, we recognize the need to strengthen the alignment between outcomes and 
activities. We intend to refine this through a Delphi study with CBiRC students in PY3. 
 
SVT Comment:  The CBiRC has developed an SLC that has just had its first meeting. To develop 
the cadre of graduate students, a stated goal of the program, it is suggested that a student 
seminar series be established made available to all via teleconferencing. This is an important 
networking mechanism. Additionally, an annual student meeting that rotates across the 
institutions is recommended. The SLC should have a budget to support activities they elect to do. 
The Center has named a mentor to the graduate students. This person could be involved in 
providing professional development opportunities such as seminars on presentation skills, the 
job search, etc. but it is inappropriate to have the mentor participate in the SLC meetings with 
NSF. 
 
The seminar series is underway. We will not have the SLC mentor at the meeting of the SLC 
with NSF. 
 
SVT Comment:  Importantly, the Education, Outreach and Diversity Programs are to date only 
reporting activities at ISU. To become a successful Center, all domestic partner institutions need 
to become involved in these activities and ISU will have to provide coordination of efforts across 
the Center. A significant effort should be made to considerably improve communication among 
students participating in different Thrust areas and at different Institutions. Currently the 
students do not appear to be fully integrated in the Center. 
 
The survey (which is our tool to test our educational hypotheses) involves all students, not 
just those at ISU. Student participation in thrust meetings has risen, and the student seminar 
series promises to greatly integrate students into the center. Furthermore, the summer of 2009 
was a pivotal time for CBiRC, thanks to the RET and REU programs, and the results of the 
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student surveys conducted near the end of summer (on all students) show that integration of 
students into the center has greatly increased since the first site visit. 
 
Program Highlights 
 
• The lead institution created and approved a novel graduate minor in biorenewable chemicals. 
The minor offers students an opportunity for formal recognition of their training in biological 
and chemical catalysis methods, and in at least two of the three thrust areas. If not for the 
integrative, interdisciplinary construct of the center, the minor would not exist. 
• The summer REU program significantly impacted undergraduate student research skills even 
six months after the end of the program. They sought out research experiences due to their 
REU experience. Furthermore, their understanding of career choices and their appreciation of 
academic content increased due to the REU. 
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Sep 01, 2009 - 
Feb 28, 2010 %
Sep 01, 2009 - 
Feb 28, 2010 %
Sep 01, 2009 - 
Feb 28, 2010 %
Sep 01, 2009 - 
Feb 28, 2010 %
Sep 01, 2009 - 
Feb 28, 2010 %
Sep 01, 2009 - 
Feb 28, 2010 %
New courses 
currently offered 
[1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Currently 
offered, ongoing 
courses with 
ERC content [2] 4 2 50 1 25 2 50 1 25 4 100 1 25 4
Workshops, 
short courses, 
and webinars 12 0 0 6 50 3 25 2 17 4 33 2 17 13
New textbooks 
based on ERC 
research 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 3a.  Curricular/educational impact.
Undergraduate level Graduate levelWith engineered systems focus
[2] The cumulative totals for "Currently offered, ongoing courses with ERC content" may count the same course more than once. This is due to the fact that a single course 
can be modified in multiple years  and therefore will be included in the cumulative total multiple times.
[1] New courses currently offered and approved by the curriculum committee are only counted in the first year that they are offered so there is no multiple counting of these 
courses.
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Fig. 3a.  Educational Impact:  Comparison of Center, ERC Program Overall, Center Class, 
and Center Sector, FY 2010
Center Total-FY 
2010
Center Total-FY 
2009
Overall Average-FY 
2009
Class Average-FY 
2009
Sector Average-FY 
2009
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 Center Grouping Undergraduates Graduate Students Ratio Grad/UG 
REU 
Students 
Total 
College 
Students
Young Scholars Total (Undergraduates + Graduates + Young Scholars)
Average All Active ERC's 2010 10 34 3.4 6 50 0 44
Average Energy Sector  FY 
2010 20 77 3.9 6 103 0 97
Average for Class of 2008 - FY 
2010 16 64 4.0 5 85 0 80
Center for Biorenewable 
Chemicals at Iowa State 
University FY 2009 6 43 7.2 0 49 0 49
Center for Biorenewable 
Chemicals at Iowa State 
University FY 2010 25 83 3.3 6 114 4 112
Table 3b.  Ratio of graduates to undergraduates.
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3.2. Pre-College Education Program 
 
CBiRC’s pre-college education strategic plan is to form long-standing partnerships with 
central Iowa school districts and school districts located in relative proximity to CBiRC partner 
institutions.  The pre-college program focuses primarily on grades 6-12 with a mission to 
effectively impart in the next generation of students the relevance of the engineering profession; 
the skills required to succeed in this profession; and its value in our technological society. The 
technical content of the pre-college education program will include the broader biorenewables 
area including both chemicals and biofuels. 
CBiRC has established a strong partnership with the Des Moines Public School District 
(DSMPSD), the largest district within Iowa (30,000 students, 63 schools, 40% minority 
enrollment and over 50% students receiving free or reduced lunch). Ms. Crista Carlile, DSMPSD 
Science Curriculum Coordinator, is the administrative partner.  CBiRC Pre-College Education 
Director and Ms. Carlile interact regularly (weekly) to discuss how CBiRC can best meet the 
content and pedagogy needs of the district’s science teachers through CBiRC summer 
professional development programs and support during the academic year.  These 
communications were the basis for the design and development of the 2009 summer professional 
development programs: Research Experiences for Teachers (RET) for high school teachers and 
Summer Academy for middle school teachers. 
Funds ($8,200) were awarded from the Iowa Board of Regents to conduct preparatory 
meetings with the teachers participating in the CBiRC summer professional development 
programs.  The meetings took place March 24 and 25, 2009.  Ms. Carlile and the master teachers, 
together with CBiRC Pre-College Education Program Director and professional staff, were in 
attendance.  Teachers were given a pre-survey to assess the STEM content background areas 
they felt needs strengthening.  In addition, discussion focused on planning and developing 
classroom modules, guided by teacher input, to address science and engineering concepts 
associated with biorenewable fuels and chemicals. 
The outcomes of these meetings suggested that, in DSMPSD, there is a lack of 
communication across grades and schools between teachers at middle school and high school 
classrooms. High school teachers reported that middle school students enter high school deficient 
in math and reading.  Middle school teachers reported that the middle school teaching model is 
geared towards recall and does not strive for science literacy and problem solving.  We also 
learned that Iowa schools have a mandatory mentoring program in place, but the goal of 
mentoring in Des Moines focuses on management rather than curriculum. 
One way to overcome some of the issues facing the science staff in DSMPSD is to create a 
forum for dialogue among all the science teachers in the district – what is known as a 
Professional Learning Community.  The district is very keen to partner with CBiRC to 
implement this PLC and possibly extend it to the higher grades in elementary schools. This will 
help to create a smooth and effective implementation of science curricula across grade levels and 
within the district.  A supplemental funding request to the ERC program was funded by NSF.  
The National Commission on Teaching and America’s Future (NCTAF) is partnering with 
CBiRC and DSMPSD to implement the PLC.  One of NCTAF’s missions is to restructure 
schools to break down the barriers that isolate teachers, thereby creating and sustaining small and 
well-focused learning communities. The first meeting between NCTAF and the teachers was 
held on February 18, 2009. 
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Kathleen Fulton, Director for Reinventing 
Schools for the 21st Century at NCTAF, led the 
first CBiRC-sponsored science teacher professional 
learning community workshop in the Des Moines 
school district.  Thirteen science teachers were in 
attendance: 5 middle school teachers and 8 high 
school teachers from 6 different schools.  Teachers 
shared how their Summer 2009 professional 
development with CBiRC is influencing their 
teaching performance.  Discussion centered on the 
benefits of a cross-grade and -school science-focused 
professional learning team.  The school district will implement early dismissal one day a week 
beginning academic year 2010-2011, and this time will allow for teacher collaborations through 
professional learning communities. 
 
 
“When I think back on the past 7 weeks I 
really believe that…it is through the 
interactions with other teachers, professors, 
and staff that I was able to reflect back on 
my teaching and have a much better 
understanding of what I truly need to 
accomplish as an educator.” 
2009 RET Participants 
 
Research Experiences for High School Teachers 
 
This seven-week program began on June 8, 2009. Six high school science teachers from the 
DSMPSD participated in the program (see Table 3.4).  Funds ($7,800) awarded by the Iowa 
Energy Center were used to support one of the RET participants, Mr. Eric Hall, Hoover High 
School, who was also the lead teacher for this group.  Teachers conducted a small independent 
research project under the mentorship of a CBiRC faculty.  Prior to work in the research lab, 
teachers attended a five-day training workshop that included background content in molecular 
biology, chemistry and chemical engineering, laboratory safety procedures, the scientific 
method, use of basic laboratory equipment, and data collection.  Teachers attended lab meetings 
with their faculty mentor and lab staff.  Table 3.4 provides details about the high school teachers, 
their CBiRC faculty mentor, and their research project. View the posters for each project at 
http://www.cbirc.iastate.edu/2009hsparticipants.asp. 
 
 
 
“Sometimes this summer it felt like we were running 
from one meeting/lecture to the next, then lab, then 
meeting. But in reality it was these meetings and 
interactions that made the lab experience as 
meaningful as it was.” 
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Table 3.4.  2009 RET participants and projects. 
Name 
High 
School 
CBiRC 
Mentor Project Title (pdf files) 
Anson Bonte East, DSM 
David 
Oliver 
Measurement of glutathione levels in roots of 
wild-type and mutant Arabidopsis thaliana 
Nancy Duncan East, DSM 
David 
Oliver 
Determining the effects of acetate and 
propionate on the growth potential of mutant 
Salmonella strains 
Eric Hall Hoover, DSM 
Keith 
Woo Biochemical production using DNA catalysts 
Amy Jacobson East, DSM 
Basil 
Nikalou 
The development of a high-throughput plate-
based screen for the identification of yeast 
with higher lipid content 
Kate Larson East, DSM 
Basil 
Nikalou 
The development of a density-based screen to 
identify yeast with higher lipid content 
Adam 
Puderbaugh 
East, 
DSM 
Rich 
Larock 
Vegetable oil-based waterborne polyurethane 
dispersions 
 
 
 
“I have been teaching for 40 years and have never 
had a continuing education class that I found as 
interesting as this. I looked forward to attending each 
day and left with a new teaching idea each day.” 
2009 Summer Academy for Middle School Teachers 
 
 
Middle School Science Teacher Summer Academy 
 
This four-week program began on June 29, 2009. The program was content-based and 
focused on a curriculum that incorporated STEM fields, problem solving skills, inquiry-based 
learning, and research. Teachers received training on FOSS (Full Options Science Systems) kit 
“Chemical Interactions” as a supplement to the content they received.  Towards the end of the 
program, teachers rotated through CBiRC research labs, shadowing the high school teachers in 
those labs.  During these rotations, teachers met with CBiRC faculty and students.  One master 
teacher was hired to provide content development in the Middle School Summer Academy. 
Table 3.5 outlines daily events during the summer professional development program. 
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Table 3.5.  2009 Middle School Science Teacher Summer academy calendar. 
 
Joint Activities for Middle and High School Participating Teachers 
 
A number of seminars, modules and workshops were scheduled to include participants of 
both the high school and middle school summer programs together with the DSMPSD Science 
Curriculum Coordinator (Table 3.6). Activities included: 
 A half-day workshop on restructuring classroom science activities with the goal to develop 
inquiry-based modules. The workshop was delivered by Dr. Mike Clough, Department of 
Curriculum and Instruction at ISU.  Teachers were asked to bring one lesson plan to the 
workshop.  Following the workshop, they revised the lesson plan and submitted it to 
Dr. Clough for review.  Teachers then revised these plans and were encouraged to submit 
them to the Iowa Academy of Science Journal. 
 Weekly pedagogy seminars focusing on 
the development and implementation of 
engineering concepts and inquiry-based 
learning into the classroom curriculum 
as well as problem solving training 
sessions with the intent that these skills 
be applied across the STEM subjects 
and grade levels to specifically 
introduce creative thinking and 
integration of STEM fields across the 
curriculum. 
 Weekly CBiRC seminar given by CBiRC faculty to provide an overview of CBiRC research. 
 Weekly colloquia series “Frontiers in Science,” presented by invited ISU faculty. 
Field trip to the BioCentury Research Farm. 
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 Presentations about engineering opportunities and professions including field trips to CBiRC 
industry partners. 
 Field trip to ISU Biocentury Research Farm and the LincolnWay Energy ethanol plant in 
Nevada, Iowa. 
 Evaluation of web-based resources applicable in the biorenewables area to support the 
teachers’ advancement and effectiveness in the classroom. 
 Weekly lunch meeting with Pre-College Education director and Master Teacher. 
 
Table 3.6.  2009 RET and Summer Academy joint events. 
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At the end of the summer programs, the RET participants gave a short oral presentation and 
presented posters documenting their research 
experience. 
 
“CBiRC gave me the knowledge to teach my 
students about cutting edge research that is 
happening right here in Iowa and it showed 
me again that science is exciting and has so 
many possibilities.” 
2009 RET Symposium Participants 
 
Teachers commit to 
participate in the summer teacher 
academy for two consecutive 
years and will remain in 
communication with the CBiRC 
pre-college education program 
staff throughout the academic 
year and after they graduate. 
At the end of the second summer, 
teachers will be required to 
submit a paper for submission to 
an education journal reflecting some component of their CBiRC-related professional 
development. They will serve as leaders in their school and district through the newly formed 
DSMPSD STEM Professional Learning Community and offer workshops for teachers in 
appropriate grade levels. Teachers who successfully complete the program will be offered 2 
credit-hours of continuing education for each summer of participation.  Teachers will be 
encouraged to apply for mini-grants for equipment, resource kits and supplies/materials to help 
them either develop better-equipped classrooms or provide for project development in their 
classrooms.  Teachers will be encouraged to apply for mini-grants to attend professional 
meetings such as regional National Science Teacher Association (NSTA) meetings, state science 
teacher association conventions and national energy conferences for educators.  They will be 
encouraged to make presentations at these meetings and will receive professional support from 
CBiRC. 
 
Young Engineers Program 
 
Two Young Engineers programs were conducted, one at ISU and one at Rice University.  
Both programs took place during the academic fall and spring semesters.  A total of 9 high 
school students participated in this program (Table 3.7).  Students worked on independent 
research projects associated with biorenewable chemicals, fuels, or other engineering-based 
research projects.  Students also received safety training.  They worked under the mentorship of 
a research scientist.  All students had to prepare a poster summarizing their research.  Some of 
the students developed Science Fair projects. 
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Table 3.7.  Young Engineers research projects. 
High School CBiRC Mentor Project Title 
Ames High School Marna Yandeau-
Nelson 
Cloning thioesterase genes with specificity for short 
chain fatty acids from Cuphea viscosissima 
Ames High School Surya 
Mallapragada 
Gene delivery to cancer cells 
Ames High School Laura Jarboe Engineering ethanologenic E. coli for bio-oil 
utilization. 
Harmony Science 
Academy 
Ramon Gonzalez Fueling the future:  Converting food and beverage 
waste to fuels.  [This student competed in the Science 
and Engineering Fair of Houston.] 
Harmony Science 
Academy 
Ramon Gonzalez Understanding and harnessing the microbial 
fermentation of glycerol for the production of 
1, 2-propanediol.  [This student competed in the 
Science and Engineering Fair of Houston and went 
on to receive Honorable Mention in the International 
Sustainable World (Energy, Engineering, and 
Environment) Project Olympiad, I-SWEEEP 2009.  
He is now applying to study biochemical 
engineering.] 
Harmony Science 
Academy 
Ramon Gonzalez Genes:  The path to the microbial production of 
biorenewable chemicals. 
Harmony Science 
Academy 
Ramon Gonzalez Developing microbial strains for the production of 
biorenewable platform chemicals. 
 
 
 
“I want to use this internship as reinforcement of what I want to 
do. In the past, I have had an interest in medicine, but this 
experience has opened my eyes to more fields. I am now 
considering majoring in chemical engineering.” 
2009 Young Engineer 
 
 
The Young Engineers program has expanded to the middle school level. One CBiRC graduate 
student is collaborating with a Des Moines CBiRC middle school teacher to mentor two middle school 
students on a science fair project. The title of this project is “The effect of number of genome pairs in 
several different fruits on the amount of DNA extracted.” 
 
Assessment of Pre-college Programs 
 
Assessment of the professional development programs (RET and Science Academy) and 
Young Engineers program focused on the following research questions: 
 What is the potential impact of teacher professional developmental programs on teachers’ 
(a) philosophy, (b) pedagogy and (c) content knowledge? 
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 What is the potential impact of the Young Engineers program on high school students’ 
academic and career choices? 
All participating teachers completed a pre- and post-survey to assess the progress they made 
in both content and experience.  They completed formal weekly journals to reflect their progress.  
At the conclusion of the programs, focus groups were conducted to discuss how these programs 
influenced teachers’ teaching philosophies and overall understanding of how scientific research 
is conducted. 
Assessment instruments were prepared in collaboration with staff from ISU’s Research 
Institute for Studies in Education (RISE).  In addition to testing the impact the professional 
development programs had on participants’ professional growth, assessment will also focus on 
how the summer experiences are transferred to the classroom and ultimately affect student 
learning.  The following measures were used: 
Teacher Professional Development 
 Evaluation Design:  A pre- and post-design with weekly reflective journaling and end-of-the 
program focus group. 
 Evaluation Methods:  Online surveys, online weekly reflective surveys, and structured focus 
group discussion. 
Young Engineers Program 
 Evaluation Design:  End-of-the-program qualitative interviews. 
 Evaluation Methods:  Structured focus group with high school students and individual 
interviews with mentors. 
 
Outcomes 
 
As shown in Figure 3.8 below, RET participants reported gains in both understanding how 
biorenewables are created and in confidence to teach science and topics related to biorenewables 
(fuels and chemicals). 
Fig. 3.8.  Mean comparison of RET participants’ perceptions of gains in 
confidence to teach science and topics related to biorenewable chemicals. 
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Prior to the RET program, participants reported they understood scientific topics such as 
plant genomics, plant biotechnology, genetic engineering, chemical catalysis, and biorenewables.  
As a result of the program, RET participants advanced their knowledge of these topics, and in 
particular, of biorenewable fuels and chemicals, to a degree that they felt comfortable applying 
the concepts in their classrooms. 
Also prior to the program, RET participants had a good overall understanding of laboratory 
skills, such as the use of micropipettes, preparing solutions, and pH measurements.  The first 
week of the RET program focused on developing laboratory skills, which contributed to even 
higher proficiency.  Participant ratings of their lab skills showed improvement following the 
week-long training in areas such as DNA sequencing, plasmid isolation, transformation and 
bioinformatics.  Further, by the end of the program, RET participants had reported continued lab 
skills improvement (Figure 3.9). 
Fig. 3.9.  Mean comparison of RET participants’ perceptions of gains in 
lab skills and understanding of topics related to biorenewable chemicals. 
 
All participating teachers reported that collaborating with their peers and mentors to share 
ideas was critical in understanding science knowledge and scientific research.  They also 
reported that their teaching philosophy regarding the way they teach and how to engage student 
participation in the classroom was influenced. 
Evaluation findings of the Young Engineers program show that participating students have: 
 A deeper appreciation for science and scientists. 
 An understanding that science is done by ‘common’ people. 
 Self-confidence in their ability to conduct research. 
 Knowledge of different fields of science. 
 A better understanding of academic options.  
 A stronger interest in pursuing a research career. 
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Education Modules 
 
CBiRC has combined efforts with the Office of Biotechnology and the Bioeconomy Institute 
at ISU to develop three educational modules relating to biorenewables and designed to promote 
inquiry-based learning in both middle and high school classrooms.  The modules are:  1) Corn 
Kernel Dissection; 2) Bioeconomy Basics – Transesterification:  Making Methyl Esters; and 
3) Fermentation Lab. 
In Summer, 2010, the education modules will be tested by the CBiRC RET participants and 
GK12 Fellows and teachers.  The modules will then be tested in middle schools and high schools 
in the Des Moines Public School District. Based on these site tests, any necessary modification 
will be made, and the modules will be available for all interested teachers via CBiRC, Office of 
Biotechnology and Bioeconomy Institute web sites.  Equipment and materials will be available 
via the Office of Biotechnology loan program. 
 
Expansion of CBiRC Pre-college Education and Outreach Efforts 
 
In September 2009, the Pre-College Education Program Director visited CBiRC partners at  
U-NM and Rice University.  As a result of the visit to U-NM, an NSF RET Site proposal was 
submitted by CBiRC faculty at U-NM (A. Datye) that includes collaborations with the CBiRC 
RET program at ISU.  Meetings were conducted with Julie Cervantes, Central Inner Region 
Coordinator for New Mexico Math, Engineering and Science Achievement, Inc. (MESA). 
Ms. Cervantes works with after-school math and science programs with the mission to empower 
and motivate students towards STEM career paths.  New Mexico MESA has about 5,000 
students and 150 teachers involved in the after-school programs.  The program is a model 
followed currently in 7 states.  Ms. Cervantes will be visiting ISU in Summer, 2010, to 
participate in the CBiRC RET program. 
The visit to Rice University resulted in establishing collaboration with the Harmony Science 
Academy, a charter school serving a predominantly underrepresented population.  The principal 
of the school, Dr. Edib Ercetin, and the assistant principal, Berkan Kaya, have been working 
closely with CBiRC faculty at Rice University to support the Young Engineers program. 
 
 
 
 
CBiRC Pre-College 
Education Program Director 
visit to Rice University and 
Harmony Science Academy, 
Houston, TX (September, 
2009). 
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GK-12 Program 
 
In Summer, 2009, CBiRC submitted a GK12 proposal to the NSF entitled “Growing the 
Green Collar Workforce for the 21st Century,” with a budget of $2,737,000.  The project, for 
which the Des Moines Public School District is again a partner, has been selected for funding, 
but the grant has yet to be officially awarded.  Even as we await receipt of the funds, efforts are 
underway to recruit graduate students majoring in areas relating to biorenewables.  Five of the 
middle school teachers who participated in the 2009 CBiRC Summer Academy have applied for 
positions as GK12 teachers.  We anticipate the program will begin May, 2010. 
 
Plans for Summer 2010 
 
Seven DMPSD high school teachers will participate in the CBiRC 2010 RET.  Three of these 
teachers are returning for their second year.  Four will be participating for the first time.  In 
addition to working in CBiRC research laboratories, the teachers will spend 20 hours 
collaborating to test the education modules developed this year (see above).  During the summer, 
CBiRC will host the Central Inner Region Coordinator for New Mexico MESA. The coordinator 
will attend the 2010 CBiRC professional development program for science teachers at ISU, 
visiting the RET participants in their research labs and attending CBiRC-related seminars. 
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4. Industrial/Practitioner Collaboration, Technology Transfer and 
New Business Development 
 
Executive Highlights 
 
In October, 2010, Dr. Peter Keeling was hired as the full-time Industrial Collaboration and 
Innovation Director/ILO for CBiRC.  Dr. Keeling brings over 25 years of experience in the 
biotechnology industry as well as being a Founder of start-up entities. The following highlighted 
achievements in the Industrial Collaboration and Innovation Program are noteworthy: 
i. The IAB has continued to develop, with now an elected Chair conducting the meetings 
and providing professional feedback to the Center. 
ii. Industry membership in the Center has grown, increasing from four Members last year to 
six this year, with an expectation of three more to join soon following their final board 
approval.  This growth came as a result of a significant outreach effort to the industry 
over the last six months. 
iii. Innovation partnership in the Center has grown from four VC companies last year to 
seven VCs this year. 
iv. An Innovation Partners convention was held in October, presenting various new 
technologies in CBiRC as well as interconnections to other Iowa Universities. 
v. There has been a significant increase in the number of invitations to professional 
conferences. 
vi. Revised membership agreements have been finalized, signed by all institutions and 
implemented. 
vii. Information flow to the membership has been enhanced with a detailed quarterly Industry 
Newsletter, full intranet access to individuals in the Member companies, monthly 
teleconference updates with CBiRC, as well as the bi-annual meetings. 
viii. A professionally produced and informative industry brochure is now available along with 
enhancements to CBiRC’s web site and intranet. 
ix. A process for managing intellectual property has been agreed with the Iowa State 
University Research Foundation and the equivalent technology transfer offices at our 
partner institutions 
x. Invention disclosures have begun to appear and are being provided to our membership 
under the guidelines developed with the institutional technology transfer offices. 
 
Table 4.1.  Industry Members and Innovation Partners. 
Industrial Advisory Board Title Company 
Mitchell Refvik Product Development 
Manager 
Chevron Phillips (IAB Chair) 
Frank Barresi Vice President, Product R&D Grain Processing Corporation 
Oswaldo da Costa e Silva Director, R&D DSM 
Steve Di Biase Chief Scientific Officer Elevance Renewable Sciences 
Keith McCall Senior Scientist Novozymes 
Mark Stowers Vice President, R&D POET 
Innovation Partners Title Company 
John Banta Senior Partner Illinois Ventures 
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Matt Kinley Senior Partner Pappajohn Equity Dynamics 
Alex Kinnier Senior Partner Khosla Ventures 
Ajit Navare Senior Partner Kleiner Perkins Caufield & 
Byers 
Todd Kimmel Senior Partner Mayfield Fund 
Mark Huston Portfolio Manager Cimarron Capital Iowa Fund of 
Funds 
Steve Carter Director Pappajohn Center for 
Entrepreneurship (ISU) 
 
Goals and Objectives 
 
The overall objective of the Industrial Collaboration and Innovation Program is to build and 
sustain an active collaboration between the academic, industrial and innovation partnering 
membership of CBiRC. 
The overall goals of the program include: (i) recruiting and retaining industry Members as 
partners in the Center; (ii) developing a more innovative culture in the Center, including 
fostering a portfolio of patents in biorenewable chemicals; (iii) enabling an effective flow of 
information from the Center to our industrial Member companies to enable them to consider a 
more active involvement in the Center, including sponsoring projects; (iv) fostering a technology 
transfer platform for CBiRC inventions to the commercial sector; (v) providing valuable 
information to the Innovation Partners to help them consider funding start-up companies in the 
area of biorenewable chemicals; and (vi) supporting and steering the CBiRC management team 
in ways that enhance the Center’s education and research programs. 
 
Achievements 
 
Industrial Advisory Board 
The Industrial Advisory Board (IAB) has taken greater shape with the growing membership 
and election of an IAB Chair.  Dr. Mitch Refvik of Chevron Phillips assumed this role early in 
2010 with a one-year appointment.  It is expected that this will lead to a more directed interaction 
with the Center through the Industrial Collaboration and Innovation Director. 
 
Industry Members 
CBiRC’s industry membership numbers have increased 
from the original four Member companies in 2009 to six 
entities in March, 2010. Five companies are large, 
multinational entities, and the rest are small. Most of the 
membership is U.S.-based (California, Illinois, Iowa, Texas, 
and S. Dakota), with two of the Members companies based in 
Europe (Netherlands, Denmark). Five of the Member companies are Full Members, with two 
entities opting for the Strategic Member option which denies them access to IP. In addition, we 
are currently in final membership discussions with three large, multinational entities (Ashland 
Chemicals, Rhodia and Bayer Materials Science), one medium-sized firm (Solazyme), and two 
small firms (Genomatica and BioBusiness Alliance of Minnesota). All of these companies are at 
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the stage of reviewing CBiRC’s membership documents with intent to sign.  We also have 
several other companies in various levels of ongoing discussion. 
These discussions continue within a continuing difficult economic climate.  As an example of 
this, in March, 2010, the Biobased Industry Organization (BIO) pointed out that, “The industry 
lost 99 (about 25 percent) of the 394 active U.S. public biotechnology companies BIO had 
counted in 2008. Many companies also reduced headcount. According to staffing firm 
Challenger, Gray and Christmas, in 2008 over 43,000 pharmaceutical and biotech jobs were 
lost, and in 2009 another 58,696 jobs were lost.” 
 
Innovation Partners 
CBiRC’s innovation partnership numbers have increased 
from the original four partners in 2009 to seven VC partners 
in 2010.  In 2010, our Innovation Partners have increased due 
to the addition of Mayfield Fund and Cimarron Capital 
Partners.  But although it is clear that there is an increasing 
interest in opportunities emerging from CBiRC, we do not yet 
have anything tangible enough to offer as a specific 
technology for their investment interest. 
 
Innovation Partners Convention 
CBiRC organized an Innovation Partners convention in October, 2009, where we showcased 
opportunities emerging from CBiRC as well as other biorenewable technologies emerging from 
Iowa State University and the University of Iowa.  The event was a great success, and we hope to 
repeat this idea in future years.  Three VCs attended (Khosla Ventures, Illinois Ventures and 
Equity Dynamics) and took part in a lively discussion. 
 
Membership Agreements 
In response to questions and suggestions from various visiting companies, we have 
developed a three-tier membership structure (Strategic, Full and Sponsoring), with four fee levels 
based on company size.  This change required agreeing and implementing modifications to all of 
our supporting legal agreements.  Our existing membership was consulted and was supportive of 
the changes.  Our new membership program is described in more detail below. 
 
Newsletter 
CBiRC redesigned its Quarterly Newsletter in the Fall of 2009 
to a more detailed version incorporating summaries from all 
aspects of CBiRC’s programs in research, education and industrial 
collaboration.  The front page is an executive summary made 
available on the web, while the remainder of the document 
contains confidential information available to CBiRC’s faculty, 
students and members. 
 
Industry Brochure 
CBiRC has also designed a professional color brochure 
describing CBiRC and detailing the benefits of membership. The 
Center has reached out to many different companies in the 
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worldwide bio-based and chemical industry sector. Ongoing 
membership discussions continue with about 20 of these 
companies. Also, CBiRC is gradually becoming recognized as a 
player in the international conference circuit, which is greatly 
enhancing our worldwide visibility. 
 
Conference Invitations 
There is an increasing awareness of CBiRC in the 
international conference circuit.  Thus in 2010, CBiRC has been 
invited to make presentations at several international 
conferences.  These conferences provide a great forum for 
further expanding worldwide awareness of the Center and 
identifying new candidate industry Members.  These 
conferences are in addition to the many research-based conferences being attended by CBiRC’s 
professional faculty.  The 2010 conference invitations for CBiRC include: 
 Feb 8-10, 2010, Next Generation Bio-Based Chemicals Summit, San Diego, CA. 
 March 2-4, 2010, CLIB2021: Value-Generating Transformation of Renewable Carbon 
Sources, Dusseldorf, Germany. 
 June 7-9, 2010, Corn Utilization Conference, Atlanta, GA. 
 June 27-30, 2010, BIO World Congress on Industrial Biotechnology and Bioprocessing, 
Washington, DC. 
 
Managing Intellectual Property 
Working directly with the Office of Intellectual Property and Technology Transfer, CBiRC 
has developed guidelines for processing and managing the Intellectual Property emerging from 
the Center.  Specifically, CBiRC’s standard operating procedures and guidelines include the 
following: 
 Process for public disclosure:  The decision to publish lies solely with the principal 
investigators (PI and/or Co-PI).  Citation to all publications should be maintained in CBiRC’s 
Intranet database. 
 Process for technology or invention disclosures:  Initial disclosure responsibility lies with the 
principal investigators (PI and/or Co-PI) but later requires a 30-day evaluation by CBiRC 
industry Members. 
 Acknowledgement of support and disclaimer:  Requires insertion of key wording from the 
Center’s cooperative agreement into publications. 
 Intellectual Property licensing to CBiRC Members:  Requires a 120-day members-only 
evaluation process and notification of interest in licensing CBiRC technology. 
 Materials Transfer among CBiRC institutions:  Requires that a process be followed. 
 CBiRC Industrial Advisory Board SWOT analysis:  Requires that guidelines be followed. 
 CBiRC Industry Member invoicing:  Requires that guidelines be followed. 
 Meetings with CBiRC Innovation Partners:  Requires that guidelines be followed. 
 
Invention Disclosures 
CBiRC filed three invention disclosures and two patent applications in 2009-10 (Table 4.2). 
In accordance with our guidelines, these disclosures have been forwarded to our Member 
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companies, who expressed an interest in the technologies but have not yet taken them as far as a 
licensing option. 
 
Table 4.2.  CBiRC invention disclosures and patent applications. 
Patent # Title Summary of Invention Project Type Date 
PCT/US
2009/06
2440 
Microaerobic 
Cultures for 
Converting 
Glycerol to 
Chemicals 
Microaerobic cultures for converting 
glycerol to chemicals 
Associated 2009 
Pending; 
UM File 
#4421 
Methylketone 
Synthase 2 –
Production of 
Methylketones 
in Plants and 
Bacteria 
Methyl Ketone Synthases are central in 
the biosynthesis of methylketones from 
intermediates of the fatty acid 
biosynthetic pathway; expression of 
these genes can be induced in E. coli 
expression systems, and result in 
production of several methylketones, 
including those of 15-carbon chain-
length, as well as shorter ones 
Core 2009 
Pending;
ISU File 
#03768 
Multifunctional 
Reaction 
System for the 
Selective 
Conversion of 
Glucose to 
5-HMF 
Selective dehydration of hexoses to 
5-hydroxymethylfurfural; the initiation 
of the current invention was the thought 
that combining glucose isomerization to 
fructose followed by fructose 
dehydration to HMF could result in high 
yields 
Core 2009 
Pending;
ISU File 
#03790 
Biological 
Isobutene 
Production 
Biological isobutene production Core 2010 
Pending;
ISU File 
#03796 
Alpha Olefins 
from Organic 
Acids 
-Olefins from organic acids Core 2010 
 
Expected Milestones and Deliverables 
 
CBiRC will continue to nurture its existing Industry Members and Innovation Partners. We 
plan to recruit new Member companies, adding their distinctiveness to our growing membership 
portfolio. To that end, we have identified a wide range of potential member companies who are 
actively working in the biorenewables sector. This includes biomass processors, members of the 
petrochemicals industry (from chemical production to product suppliers), biofuels companies 
and biorenewable chemicals companies. We are seeing increasing connections with Innovation 
Partners or Venture Capital companies, but we are treating these as a lesser priority because of 
our already very significant partnerships with VC companies. 
Each year, CBiRC will strive to increase the number of Industry Members by an additional 
two to four companies.  We will also strive to identify and foster technological innovations and 
start-up company opportunities through our Innovation Partner program. 
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Member Company Benefits 
 
CBiRC offers three tiers of membership, 
including Strategic, Full and Sponsoring.  
There are four fee levels based on company 
size, i.e., Large, Medium, Small and Start-
up.  Full membership includes an option to 
Intellectual Property. Sponsoring 
membership includes dedicated research 
projects tailored to each company in 
addition to the rights of Full membership.  
Strategic membership is newly launched in 
2010 and does not include an option to 
Intellectual Property, but otherwise offers 
the same benefits as Full membership.  The 
Start-up category of company size is new in 
2010 and is designed for very early stage 
companies that are less than 10 employees. 
 
Opportunities and Barriers 
 
There is no other center in the world that 
offers anything similar to CBiRC’s focus on 
utilizing chemical catalysis and biocatalysis 
to make inroads into the biorenewable 
chemicals space. Thus, CBiRC provides a 
unique opportunity to bring together U.S. as well as international efforts on biorenewable 
chemicals. Significantly, our R&D efforts to convert biomass to valuable chemicals have a 
unique opportunity to interface with the worldwide effort on converting biomass to liquid fuels.  
Both efforts rely on the same biomass and utilize the same polymerized sugars as the basic 
building blocks for fuels or chemicals.  Thus, we can build upon and refine our efforts based on 
the advances being made in the biofuels community.  This creates an opportunity to think about 
an integrated refinery concept, or at least a parallel development of technologies in bio-based 
fuels and chemicals. 
There are several barriers restraining industry participation in CBiRC: 
i. The economy:  Many companies still have significant budget restraints in place including 
restricted travel budgets. 
ii. Federal funding:  There has been a massive infusion of funds from Federal sources in the 
bioenergy area. These investments led many biofuels companies to form or are reforming 
themselves around the cluster of opportunity, with little regard for the bio-based 
chemicals opportunity 
iii. Our targets:  At present, most small and start-up companies are targeting primarily 
biofuels, with the chemicals side as a kind of value-added opportunity.  Although new 
investors are interested in connecting to the fuels space, we envision a gradual shift in 
attention to the chemicals space. 
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iv. Our organisms:  We are focused on E.coli and yeast, yet nearly all of the small and start-
ups have moved into algae as the latest hot investor opportunity. 
v. Our process:  Many of the newer biofuel companies are investing in pyrolysis, which 
takes them away from sugars and a major step away from fermentation. 
vi. Our location:  Most small and start-up companies are located in California. The distance 
away is a major hurdle for small and start-up companies, as the real cost of membership 
with CBiRC is travel time for key personnel. 
 
Feedback from Industrial Advisory Board at 2009 Annual Meeting 
 
In October, 2009, the CBiRC IAB met to discuss progress made in the Center based on the 
presentations and discussions at the annual working meeting.  Below is a short synopsis of the 
discussion and IAB questions. 
 
THRUST 1 SUMMARY 
Thrust 1 is broken down by enzymes. The top enzymes involve termination while the synthetic 
enzymes might deliver different functionality. Two different enzymes carry out the extension 
which involves coenzyme-A and others that involve ACP. These enzymes present the opportunity 
to make novel starting materials, such as starting with proprionate. 
 
Q1. There was broad agreement that this is holistic and good. The IAB is particularly interested 
in the pyrones aspect from pyrone synthase. 
 
We are evaluating pyrones as a new test bed. 
 
THRUST 2 SUMMARY 
Thrust 2 uses two workhorse strains (E. coli and yeast). This is a little bit different from the other 
thrusts. 
 
Q2. Is it correct to say that this is THE limiting part to the whole thing? 
 
This is part of the puzzle. It is expected to take a long time to make it happen!  It is hoped 
that the learning from first efforts will make it easier to make it happen when the next molecule 
comes along. 
 
Q3. At the moment the IAB is made up primarily of chemists. These folk are better able to 
interact with Thrust 3 and help to focus on specific chemicals. How does CBiRC view this? 
 
The membership is expected to change over time and inevitably bring in microbial engineers, 
and enzyme engineering members already exist with Novozymes. 
 
THRUST 3 SUMMARY 
Thrust 3 is focused on delivering model and specific compounds and the last part is working on 
specific types of catalysis. How do we handle reactions with water present? Stable catalyst 
support is really, really important. Bifunctional catalysis is an interesting development. The last 
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area involves looking at DNA-based molecules carrying a metal ion.... in principle this is an 
aldol-type of reaction with the challenge of whether this can be stopped. 
 
Q4. Do you have specific catalysts that look promising already? 
 
Yes, there are particularly promising developments in fatty acid decarboxylation and glucose 
dehydration. 
 
Q5. Would the materials derived from pyrones be a new potential project? Pyrones look very 
interesting and the IAB recommends that this be moved up to become a key target. 
 
Yes. Pyrones would be very interesting to us and we are developing them as a test bed. 
 
SWOT Analysis Feedback from Industrial Advisory Board 
 
The annual SWOT analysis was conducted in February and March 2010. The process was 
managed and led by Chair Mitch Refvik from Chevron Phillips.  Areas of particular interest were 
highlighted by the IAB for each Strength, Weakness, Opportunity and Threat section.  Below are 
the individual tables extracted from the 2010 SWOT analysis conducted by the Industrial 
Advisory Board.  CBiRC intends to carefully review all of the comments and work more closely 
with the IAB in order to strive to better meet their needs.  The most notable item on the agenda 
will be working more closely with the IAB and making a greater use of the expertise that exists 
in the Member companies. 
 
STRENGTHS 
 
Multi-disciplinary approach (feedstocks, 
chemical/enzymatic conversion, polymer 
chemistry). 
CBiRC is pleased that the IAB sees our 
approach as relevant and multi-disciplinary, 
involving diverse aspects of using feedstocks 
for chemical and chemical conversion leading 
to polymer chemistry approaches. We see this 
as one of our core strengths that needs to be 
fostered going forward. 
High probability of novel technologies. 
There is no doubt in our mind that CBiRC 
will generate a lot of novel technologies and 
we are pleased that our industry Members see 
it that way too. It is very important that we 
continue to see develop efforts in such a way 
that the novelty leads to developments and intellectual property. 
Broad base of high quality institutions involved. 
We agree that the current institutions are all high quality and believe that this diversity can 
help generate a great deal of opportunity moving forward. 
Strengths (attributes helpful to achieve 
CBiRC objectives) 
 Multi-disciplinary approach (feedstocks, 
chemical/enzymatic conversion, polymer chemistry) 
 Dissemination of learning through educational programs 
 Individual collaboration with top research groups Outstanding 
group of researchers 
 Diverse expertise 
 Diverse portfolio 
 High probability of novel technologies 
 Development of physical infrastructure 
 Development of novel analytical tools, methods and data base 
 Development of cutting edge and unique innovations 
 Individual collaboration with top research groups 
 Broad base of high quality institutions involved 
 Distinguished researchers involved 
 Good background, competency diversity is assembled and is 
required for this task. 
 Thrust group approach seems like a well organized approach. 
 Relevant program in today’s world 
 Off to a good start with technical targets, research, organization 
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WEAKNESSES 
 
Choice of products to pursue difficult. 
CBiRC’s product portfolio is still emerging 
from our broad-reaching research efforts. 
CBiRC also envisions multiple opportunities 
emerging from individual bio/chemical 
catalytic processes or innovations emerging 
from microbial fermentation. 
Lack of enough industrial partners. 
CBiRC is striving through multiple 
mechanisms to increase the number of 
industrial partners despite a difficult economic 
climate.  These efforts our described above. 
 
OPPORTUNITIES 
 
Develop controlling IP position for 
fundamental bio-based derived building 
blocks. 
CBiRC is beginning to see IP emerging 
from its research efforts. We are also seeking 
to foster a more innovative culture so that this 
can be developed even further. 
Emergence of useful disruptive technologies a 
big possibility. 
CBiRC sees significant opportunity in 
identifying and capturing disruptive 
technologies. This is CBiRC’s most major 
technical and intellectual challenge. 
 
THREATS 
 
Difficulties in finding partners to implement 
the world-scale plants to make the economics 
work for commodity products. 
CBiRC hopes that this can be turned into 
an opportunity by identifying products and 
processes that lead to commercially viable 
concepts. 
Not sufficiently taking advantage of the IAB. 
CBiRC recognizes that it has not 
sufficiently taken advantage of the IAB or its 
industrial partners and is striving to rectify 
this. Two areas of immediate involvement will 
be the internship program as well as our efforts 
Weaknesses (attributes harmful to 
achieving CBiRC objectives) 
 Building a Global focus needed [Better engagement with associated 
international universities in the program] 
 Large focus on commodity building blocks [Consider more specialty building 
blocks (higher value lower volume) that are not as capital intensive as world-
scale plants, see below] 
 Coordination challenges 
 Broad and huge undertaking 
 Time consuming 
 Expensive 
 Choice of products to pursue difficult 
 Projects evaluation challenging 
 Lack of enough industrial partners 
 Weak industrial/university collaboration 
 Conflict of interests and/or priorities 
 Number and scope of industrial members 
 Complexity and number of process steps to generate chemical intermediates 
 Status of Test Bed programs 
 Communication amongst researchers and between researchers and CBiRC 
leadership may be a problem.  Communication is key to a successful 
organization. 
 Large organization can get cumbersome 
 One technical approach to tapping into the carbon (pathway engineering) is a 
bit risky. 
 Don’t ignore downstream processing: it could kill a project. 
 New CBiRC leadership team needs to set the stage for research team goals. 
Opportunities (conditions helpful to 
achieving CBiRC objectives) 
 Timely start of activities (“the time is right”) 
 Develop controlling IP position for fundamental bio-based 
derived building blocks 
 Emergence of useful disruptive technologies a big 
possibility 
 Unique workforce/expertise available at reasonable cost 
 Consultancy opportunities available 
 Collaborative opportunities available 
 Valuable data base 
 Develop synergies with industrial chemical users on catalysis 
developments 
 Develop synergies with biofuels 
 Forecasted pricing of crude oil and natural gas 
 Place more emphasis on the LCA (focus on achieving economically 
viable technology) 
 Industrial involvement ($$ and guidance to relevant targets) 
 National and international sponsorship ($$) 
 Training of students / shaping the future in this industry 
Threats (conditions harmful to 
achieving CBiRC objectives) 
 Competing with more developed technologies, e.g. Braskem. 
 Difficulties in finding partners to implement the world-
scale plants to make the economics work for commodity 
products 
 Industrial scale-up issues 
 Sustainability of biobased economy 
 Environmental implications 
 Commercialization challenges 
 Regulatory issues 
 Lack of market demand 
 Political support 
 Funding 
 Society concern (e.g., food vs. chemical competition) 
 Economy 
 Not sufficiently taking advantage of the IAB 
 Becoming too focused on having to develop specific fermentation 
routes, can by-products from other technologies be used as 
starting points.  That is it’s not necessarily a competition with fuels 
production. 
 Wasteful time spent on irrelevant targets:  listen carefully to the 
industry and markets, try to occasionally back up and re-analyze 
big picture. 
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to seek out the most appropriate chemical targets.  CBiRC would welcome proposals from the 
IAB for how to rectify this and improve the interaction with the IAB moving forward. 
 
Response to Major Weaknesses and Threats from Prior Site Visit Reports 
 
SVT Comment: The current economic conditions have been a challenging time to start a new 
ERC to say the least and CBiRC’s industrial/practitioner collaboration program has been 
severely impacted by these difficult economic times, although the team is fighting through this. 
 
Our industry collaboration program began to see growth as we entered the new year (2010). 
This is occurring against a background of feedback from various organizations with travel and 
budget restrictions.  
 
SVT Comment: Hiring a full-time Industrial Liaison Officer who has the technical experience to 
understand CBiRC’s research and market it to industry (please note this is a new item that was 
not in the original site visit report). 
 
During the Fall of 2010, CBiRC hired Dr. Peter L. Keeling as the full-time Industrial 
Collaboration and Innovation Director/ILO. With his recruitment, CBiRC embarked on a 
significant and targeted effort to identify and recruit a range of new industry Members. We 
opened our annual working meeting in October to visiting companies, with 18 companies 
actually taking the opportunity to attend the meeting. Discussions are still underway with these 
companies, although three decided not to join the Center at this time. 
 
SVT Comment:  Additionally, the Center should be more aggressive in targeting industrial 
sponsored research (current target is three projects with partners by October, 2011) and interns 
(current target is three interns with partners by Summer, 2011).  The current level is very low 
($16K in sponsored research, $145K in industry associated research, and no internships with 
industrial partners), but these seem somewhat lax when one considers the broad impact that this 
program should have on multiple industry segments.  The Center should reassess these targets. 
 
CBiRC will soon have one Member-sponsored research project with Chevron Phillips 
($20K). We continue to strive to develop more sponsored research projects and devise internship 
options. We expect more growth in sponsored projects and internships as we start to explore the 
development of our test bed ideas. 
 
SVT Comment: Membership Agreements: The membership agreements for industrial members 
and start-up companies were completed over the last few months and are in place.  A review of 
these agreements identified several areas where they could be optimized in consultation with 
CBiRC’s industrial partners as was discussed during the site visit with the industrial liaison 
team.  Specifically: 
• There is an opportunity in the agreement to clarify that this is an automatic rollover 
agreement; that is the agreement is automatically effective for the following year of 
membership sans termination by the industrial partner or lack of fee payment.  This is easily 
corrected in the membership agreement as suggested to the CBiRC industrial liaison. 
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The suggested changes have been made. 
 
• The IP terms of the start-up company membership agreement duplicate the terms offered full 
members, which was inconsistent with the body of the report.  CBiRC will need to address 
this issue as providing similar membership terms in IP to companies paying anywhere from 
$50K to $5K may seem inequitable to larger companies, but having a structured IP benefits 
category may make it difficult to attract start-up companies who will have IP access only 
upon the full members’ declining any rights. 
 
There was an error in our 2009 report. The IP terms for the start-up companies are the same 
for all Full Members. 
 
• There is no mention of how the Center will handle in-kind contributions in lieu of cash for 
membership.  This could be very important for this Center as equipment manufacturers who 
are anxious to showcase their newest offerings, which might be of high value to the center, 
may not be able to do so with a cash membership.  The SVT discussed various discount 
mechanisms that the center could use for equipment (and maintenance contract) donation 
value vs. cash value for a membership which might extend for multiple years. 
 
CBiRC has agreed to a policy of 2-for-1 matching where such an in-kind contribution does 
not provide access to IP in the Center (Strategic membership). 
 
• The agreement carves out software copyrights from IP that is made available to the 
industrial partners.  This could prove problematic to enticing companies who wish to take 
advantage of simulation and modeling tools that the center might develop. 
 
The CBiRC agreement does not carve out software copyrights from IP made available to the 
industrial partners. 
 
• Apparently the ERC is planning to give the venture capital innovation partners full access to 
IP evolving from the ERC’s research.  This will certainly discourage industrial firms from 
joining. With that said, the membership agreements can and should be optimized in the near 
term before other industrial partners are brought on board. 
 
The Membership Agreements and membership structure have been updated and enhanced. 
The Innovation Partners (Venture Capital firms) do not gain access to IP and do not have the 
same membership benefits as CBiRC’s Member companies. 
 
SVT Comment:  Industrial Advisory Board (IAB): The SVT had a chance to meet with the IAB 
and hear their thoughts on the Center’s strengths, weaknesses, opportunities, and threats.  As 
noted above, this is a very small group, but they seemed to be supportive of the ERC’s direction 
and leadership, although it did not seem as if they had been heavily engaged in guiding the 
program to date.  The members come from several areas that are being targeted by CBiRC and 
more members can be recruited now that the center has added industrial chemical users as a 
target segment.  Additionally, the Center should add specialty polymer producers as part of the 
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target segments as these companies would gain substantial value from the center’s research and 
education programs. 
 
A broad group of companies has been contacted with an expectation that this will diversify 
our membership. Already we can see new large entities becoming Members (e.g., DSM), and 
they have a very broad value chain-based approach to this sector. 
 
SVT Comment:  The current members feels that they will have the opportunity to guide the 
Center’s research programs and understand that their role is critical in assuring that the 
Center’s thrusts are focused on areas of interest to industry.  The Center has outlined a general 
plan to engage IAB members, but should explore several other means, many of which were 
included in the final morning’s discussion, including: 
• Placing an industry researcher in the center for a 6-12 month time period. 
 
We believe this is a good idea. But the Center needs to be further along in test bed 
development in order for this to be most productive. Thus we believe this will happen, perhaps in 
year 3 or 4. 
 
• Having industry researchers serve on student advisory committees. 
 
Only university faculty members are allowed to serve on student advisory committees at ISU.  
When the need arises, we expect to be able to work through a process to offer adjunct faculty 
status to industry Members. This may additionally require that the researchers be willing to work 
on campus for a period of time. 
 
• Asking industry partners to mentor key projects in which they have a specific interest 
 
We continue to invite our industry Members whether they want to volunteer to mentor 
CBiRC projects. 
 
• Providing guidance on testbed design to maximize the impact to the industrial partners. 
 
We see this as an ongoing opportunity that is just beginning to open up a more direct link 
with our membership. 
 
• Engaging industrial researchers in co-teaching some courses, or at least providing lectures 
in technology applications. 
 
We recognize the potential of this opportunity and our Student Leaders are involved in 
lecturing discussions with the industry membership. 
 
• Reviewing student resume books for internship and hiring opportunities. 
 
The first student resume booklet was distributed at the annual working meeting in October. 
 
• Providing faculty lectures and workshops by internet to industry, and vice versa. 
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CBiRC provides many of its lectures and workshops on its Intranet web site, to which our 
Member companies have access. 
 
• Asking industry for interesting compounds or intermediates, and defining a compound for 
initial focus for development by CBiRC and early commercialization success 
 
An ongoing discussion is taking place with our industry Members to comment on and 
advocate for other interesting intermediate chemical opportunities. 
 
• Engaging industrial partners in life cycle analyses for families of compounds of interest. 
 
The Life Cycle Analysis discussions are underway alongside our test bed discussions. 
 
SVT Comment: Technology Transfer: There is no substantial level of technology transfer at this 
point as the Center is in the earliest stages of funding.  However, the SVT expects this to 
accelerate in the next year and the Center needs to assure that all IP management processes are 
firmly in place beforehand.  One area of concern was raised with regard to the multi-university / 
multi-PI nature of the center.  It was not clear how the Center will financially benefit from the 
commercialization of IP that results from center activities.  The ISU VP for Research and 
Economic Development, Dr. Sharon Quisenberry, committed to establishing and documenting 
the definitive pathway in which the CBiRC will receive technology licensing and 
commercialization returns from ISU as well as across the core partner universities.  The SVT 
looks forward to receiving this. 
 
CBiRC is involving Dr. Peter Keeling heavily in the technology transfer process. This 
approach is already being used with the IP being processed through the ISU Research 
Foundation (ISURF). 
 
SVT Comment: Entrepreneurship, Small Firms and Translational Research: This is a special 
area of interest to the SVT in Gen3 centers such as CBiRC.  The Center has initiated a strategy 
of engaging start-up companies in the Center through a special membership agreement that 
offers a $5k annual fee for membership.  As referenced above, the Center will need to be very 
careful whether this offering with full IP rights is equitable to all companies, especially the 
larger companies who are paying $50k annually for what would be the same IP rights.  The 
strategy of engaging large and very well known venture capital firms is also something that the 
center will handle carefully as these firms (who are brought in paying no membership fee) could 
gain an inequitable advantage.  This strategy of VC engagement should be seen as only one 
mechanism to drive innovation and spin-off companies to be complemented by other avenues 
such as working with the Papajohn’s entrepreneurial center at ISU.  It would have been helpful 
to hear how CBiRC was engaging with this center and this should be clarified, including 
definitive targets for student engagement with the Pappajohn’s center.  The ERC has yet to 
finalize the role of nascent start-up firms in translational research and how the IP involved will 
be handled. 
 
CBiRC is continuing to explore how best to develop entrepreneurial start-up opportunities in 
the Center. Specifically we have created a new category of very early stage start-up entity, with 
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very minimal membership fees. We have also seen an increase in Venture Capital companies 
joining the Center as our Innovation Partners. 
 
Technology Transfer Chart 
 
Fig. 4.3.  CBiRC technology transfer chart. 
 
Technology Outcomes 
 
T1 Integrated biocatalytic and chemical catalytic platform for the production of dienes; this platform 
will integrate highly novel technologies that will be developed from projects in Thrusts 1, 2 and 3. 
T2 Integrated biocatalytic and chemical catalytic platform for α-olefins; this platform will integrate 
highly novel technologies that will be developed from projects in Thrust 1, 2, 
and 3. 
T3 Bioinformatics and computational modeling methods that integrate gene expression profiling 
datasets at multiple levels of expression (transcriptome, proteome, metabolome and flux analysis) 
for the systems-level deciphering of metabolic outcomes of genetic manipulations. 
T4 Novel biocatalysts for prematurely terminating the fatty acid/polyketide synthase reaction scheme 
using the thioesterase enzymes as the paradigm. 
T5 Novel biocatalysts for prematurely terminating the fatty acid/polyketide synthase reaction scheme 
using the methylketone synthase enzymes as the paradigm. 
T6 Comprehensive database of diverse biocatalysts that can be used to modify and diversify the fatty 
acid/polyketide synthase reaction pathway. 
T7 Novel acid/base chemical catalyst systems that convert glucose to HMF. 
T8 Chemical catalysts for conjugating polyenes. 
T9 Hydrothermally stable catalyst supports. 
 
Breakthrough 
Technology 
Technology 
Impact 
Incremental 
Impact 
Technology 
Transferred to 
Industry 
Technology Maturity Level Idea Stage 
T1 
T3 
T4 
T2 
T6 
T5 
T7 
T8 
T9 
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Table 4.  Industrial/practitioner members, affiliated and contributing organizations, and funders of associated projects.
Organization Sector Product Focus Type of Support
Type of 
Involvement
Domestic / 
Foreign
Size 
(Industry 
Only)
New 
Member 
(Yes/No)
Total # of 
Sponsored 
Projects
6 Industrial/Practitioner 
Members
Industrial/Practitioner Members That Have Already Provided Current Year Support
Chevron Phillips Chemical 
Co., LLC
Industry New catalyst 
development, 
product and process 
development
Membership cash - 
fees for unrestricted 
use
Member of 
Center's Industrial 
Advisory Board 
Technology 
Transfer 
Domestic Large 
(>1000 
employees)
No 0
DSM Industry Human/animal 
nutrition and health, 
personal care, 
pharmaceuticals, 
coatings and paint, 
Other Support Member of 
Center's Industrial 
Advisory Board 
Foreign Large 
(>1000 
employees)
Yes 0
Grain Processing Corporation Industry Corn-based 
industrial and 
consumer products 
Membership cash - 
fees for unrestricted 
use
Member of 
Center's Industrial 
Advisory Board 
Technology 
Transfer 
Domestic Medium 
(500-1000 
employees)
No 0
Industrial/Practitioner Members That Will Provide Support by the End of the Current Reporting Year
Elevance Renewable 
Sciences, Inc.
Industry Olefin metathesis 
chemistry 
Other Support Member of 
Center's Industrial 
Advisory Board 
Technology 
Transfer 
Domestic Small (<500 
employees)
No 0
Novozymes Industry Microorganisms for 
industrial and 
consumer product 
technology
Other Support Member of 
Center's Industrial 
Advisory Board 
Technology 
Transfer 
Foreign Large 
(>1000 
employees)
No 0
POET, LLC Industry Value-added co-
products from 
ethanol production
Other Support Member of 
Center's Industrial 
Advisory Board 
Technology 
Transfer 
Domestic Large 
(>1000 
employees)
No 0
Organization Sector Type of Involvement Domestic/Foreign
Size (Industry 
Only)
Total # 
Sponsored 
Projects
2 Contributing Organizations
Contributing Organizations That Have Already Provided Current Year Support
Iowa State University Non-Profit Participation in Joint 
Research Projects 
Participation in 
Education Projects 
Participation in 
entrepreneurship 
activities (research 
or education) 
Domestic N/A 0
National Science Foundation Federal 
Government
Participation in Joint 
Research Projects 
Participation in 
Education Projects 
Participation in 
Innovation activities 
(research or 
education) 
Participation in 
entrepreneurship 
activities (research 
or education) 
Domestic N/A 0
Section 1: Industrial/Practitioner Members - 6 Industrial/Practitioner Members
Section 2: Affiliate Organizations - No Affiliate Organizations
Section 3: Contributing Organizations - 2 Contributing Organizations
Summary:
6 - Industrial/Practitioner Members
0 - Affiliate Organizations
2 - Contributing Organizations
11 - Funders of Associated Projects
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Organization Sector Type of Involvement Sponsor's Role Domestic/Foreign
Size (Industry 
Only)
Total # of 
Associated 
Projects
Commonwealth of Virginia State 
Government
Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 1
ConocoPhillips Company Industry Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic Large (>1000 
employees)
2
Consortium for Plant 
Biotechnology Research, Inc.
Industry Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic Small (<500 
employees)
1
Iowa Board of Regents State 
Government
Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 2
Metabolic Technologies, Inc. Industry Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic Small (<500 
employees)
1
National Institutes of Health Federal 
Government
Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 2
Queens University, Belfast Non-Profit Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Foreign N/A 1
U. S. Department of Energy Federal 
Government
Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 8
U.S. Department of 
Agriculture
Federal 
Government
Participation in Joint 
Research Projects 
Participation in 
Education Projects 
Education/Outreach Domestic N/A 2
University of California, Irvine Non-Profit Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 1
University of Virginia Non-Profit Participation in Joint 
Research Projects 
Principally 
Research/Technology 
Transfer
Domestic N/A 1
Sector
Industrial/Pra
ctitioner 
Members Percent Foreign Percent Small Percent Medium Percent Large
Federal Government 0 0% N/A N/A N/A
State Government 0 0% N/A N/A N/A
Industry 6 22% 33% 11% 56%
Non-Profit 0 25% N/A N/A N/A
Total 6 16% 16% 5% 5%
Section 4: Funders of Associated Projects - 11 Funders of Associated Projects
Section 5: Summary
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Table 5.  Lifetime industrial/practitioner membership history.
Organization Award Year of Membership Technology Transfer Activities
Chevron Phillips Chemical Co., LLC 2008-2009, 2009-2010 Other Tech Transfer
Elevance Renewable Sciences, Inc. 2008-2009, 2009-2010 Other Tech Transfer
Grain Processing Corporation 2008-2009, 2009-2010 Other Tech Transfer
Novozymes 2008-2009, 2009-2010 Other Tech Transfer
POET, LLC 2008-2009, 2009-2010 Other Tech Transfer
DSM 2009-2010 None Listed
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Fig. 5a.  Total number of industrial/practitioner members.
Industry
Table 5b.  Industrial/practitioner membership and support by year.
Sep 1, 2008 - 
Aug 31, 2009
Sep 01, 2009 - 
Aug 31, 2010 [1]
5 6
Affiliated Organizations 2 0
Contributing Organizations 2 2
9 8
0 0
0 0
0 0
$205,000.00 $100,000.00
$0.00 $0.00
$0.00 $0.00
$0.00 $0.00
$205,000.00 $100,000.00
Total Participating Organizations
Total Membership Fees
Member-Sponsored Projects Total Dollar Amount
Member-Associated Projects Total Dollar Amount
Member In-Kind Total Dollar Amount
Total Dollar Amount, Industrial/Practitioner 
Member support to Center
Industrial/Practitioner Members
[1] Partial Award Year data only.
Total Number of Sponsored Projects
Number of Member-sponsored Projects
Number of non-member-sponsored Projects
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5. Infrastructure 
 
5.1. Configuration and Leadership Effort 
 
The vision of CBiRC – to create a generalized framework for biorenewable chemicals that 
integrates biocatalysis and chemical catalysis – is the guide for selection of faculty as members 
of CBiRC.  The faculty were specifically selected for their complementary expertise needed to 
realize the Center’s vision.  The technical role of each researcher is therefore established, and the 
institutional configuration is predetermined, based upon the technology that needs to be 
developed. 
 
5.1.1. Institutional Configuration 
 
Table 6 shows the institutional configuration of CBiRC, and Figures 6a through 6c depict the 
location of domestic and foreign partner institutions and country of citizenship of foreign 
personnel.  Iowa State University, the lead institution and administrative home for the Center, 
was selected as such, in large part, because of its history of institutional support for 
biorenewables-related research and development.  In 2002, ISU launched interdisciplinary 
research programs in biorenewables through its Bioeconomy Initiative.  The initiative has now 
grown to include 160+ faculty members from 21 academic departments.  This broad-based effort 
provides the backdrop for the Center. 
To successfully accomplish its goals, however, CBiRC exploits partnerships with outstanding 
faculty with complementary expertise from not only its core partner institutions (i.e., those with 
connections through the Engineering colleges), but also its collaborating and foreign partner 
institutions.  The disciplinary composition of the Center’s faculty team is depicted in Figure 2a.  
Since these expert biorenewables-related researchers are not located at just one or two 
institutions, CBiRC creates a centralized focal point to unite top engineers and scientists for 
collaborative research.  Collaboration at this level is required to successfully develop the 
fundamental knowledge and technology base needed to make biorenewable chemicals a 
technological and commercial reality. 
The relatively large number of educational institutions involved with the Center represents a 
somewhat different model than existing NSF ERC’s, thus necessitating careful selection of 
faculty participants as well as a robust model for facilitating interactions between them.  Three 
criteria were used to assemble the faculty participants from all of the Center’s partner 
institutions: 1) renowned engineers and scientists with cutting-edge research programs in 
CBiRC-related biorenewables areas; 2) evidence of pre-existing collaborative relationships with 
other prospective Center faculty members; and 3) commitment to collaborative research for 
advancing the goals of the Center. 
The CBiRC international education program builds from an NSF PIRE grant entitled 
“Molecular Engineering for Conversion of Biomass-derived Reactants to Fuels, Chemicals and 
Materials,” which further demonstrates the high level of ongoing collaboration among CBiRC 
faculty.  This effort, which involves a subset of Thrust 3 investigators (Datye, Davis, Dumesic, 
Neurock, and B. Shanks), creates an international partnership with the Fritz Haber Institute of the 
Max Planck Society in Berlin, the Technical University of Denmark, and more recently, the Abo 
Akademi in Finland and the Netherlands through Eindhoven University of Technology as the 
lead university.  Many of the PIRE activities are therefore incorporated into the Center’s 
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strategic plan, and these four institutions have been selected as foreign partners accordingly.  To 
enable participation in the international partnership, Prof. Robert Schlögl has received a 
commitment of €100,000 per year (~$148,000 USD) from the Max Planck Society.  The 
Technical University of Denmark has received a commitment of about $25,000,000 from the 
Danish National Research Foundation, with the PIRE being one of the highlighted efforts.  
Initially focused on chemical catalysis, the international partnership will eventually expand to 
include biocatalysis.  [Note:  The rationale for selecting the Center’s pre-college and innovation 
partners is discussed in more detail in Sections 3 and 4 of this report, respectively.] 
The need for faculty participants to work collaboratively is central to the vision of/rationale 
for the Center.  While our faculty participants had existing collaborative relationships, CBiRC  
further enhances these interactions through annual meetings and monthly teleconferences for 
faculty in each thrust area.  Test bed teams also meet at intervals appropriate for their projects.  
Postdoctoral scholars in the Center will be co-advised by at least two faculty participants in a 
thrust area.  We envision that postdoctoral scholars might have the opportunity to spend 
significant amounts of time at more than one institution.  Some doctoral student might have a 
primary Ph.D. advisor and a co-advisor from another institution.  Travel funds are included in the 
budget to facilitate meetings between the Ph.D. and his/her co-advisor. 
The partnerships among the aforementioned institutions and their contributions to the 
Center’s strategic plan have now been formalized, as each of the Center’s core partner 
institutions has signed and executed a Membership Agreement, a Confidentiality Agreement, and 
a Subcontract Agreement.  Subcontract Agreements have also been executed with the Center’s 
collaborating institutions, i.e., those contributing affiliated faculty; namely, the Salk Institute for 
Biological Studies and the University of Michigan. 
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Masters Doctoral
I. Lead 1 0 0 18 14 3 5 44 0 0 N/A
Iowa State University, 
Ames, IA 18 14 3 5 44 0 0 N/A
II. Core Partners 5 0 1 8 10 0 1 32 0 0 N/A
University of California - 
Irvine, Irvine, CA 2 1 0 0 3 0 0 N/A
University of New Mexico, 
Albuquerque, NM  1 5 0 1 9 0 0 N/A
University of Virginia, 
Charlottesville, VA 2 3 0 0 12 0 0 N/A
University of Wisconsin - 
Madison, Madison, WI 1 1 0 0 6 0 0 N/A
William Marsh Rice 
University, Houston, TX 2 0 0 0 2 0 0 N/A
III. Collaborating Institutions 2 0 0 2 1 0 0 1 0 0 N/A
Salk Institute for 
Biological Studies, La 
Jolla, CA 1 1 0 0 0 0 0 N/A
University of Michigan, 
Ann Arbor, MI 1 0 0 0 1 0 0 N/A
IV. Non-ERC Institutions 
Providing REU Students 3 0 1 0 0 3 0 0 0 0 N/A
Michigan State University, 
Lansing, MI 0 0 1 0 0 0 0 N/A
University of Maryland, 
College Park, MD 0 0 1 0 0 0 0 N/A
University of Puerto Rico, 
Mayagüez, Mayagüez, PR  0 0 1 0 0 0 0 N/A
V. NSF Diversity Program 
Awardees 0 0 0 0 0 0 0 0 0 0 N/A
Alliances for Graduate 
Education and the 
Professoriate (AGEP) 0 0 0 0 0 0 0 0 0 0 N/A
Louis Stokes Alliances for 
Minority Participation (LSAMP) 0 0 0 0 0 0 0 0 0 0 N/A
NSF Diversity Program 
Collaborations 0 0 0 0 0 0 0 0 0 0 N/A
VI. Pre-College Partners 12 0 0 0 0 0 0 0 6 12 4
Ames High School, 
Ames, IA 0 0 0 0 0 1 0 4
Brody Middle School, Des 
Moines, IA 0 0 0 0 0 0 2 0
Callanan Middle School, 
Des Moines, IA 0 0 0 0 0 0 1 0
Des Moines Public 
School District, Des 
Moines, IA 0 0 0 0 0 1 0 0
East High School, Des 
Moines, IA 0 0 0 0 0 0 4 0
Goodrell Middle School, 
Des Moines, IA 0 0 0 0 0 0 1 0
Harding Middle School, 
Des Moines, IA 0 0 0 0 0 1 1 0
Personnel in ERC Activities [1]Institutions
Table 6: Academic Institutions and Organizations Executing the ERC’s Research, Technology Transfer, and Education Programs
GraduateUG 
Non-
REU
REU
Name and Type Total Female Serving Faculty
No AGEP Awardees were entered.
No LSAMP Awardees were entered.
No NSF Diversity Program Collaborations were entered.
Young 
Scholars
Minority 
Serving
Students
Non-
RET RET
Teachers
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Heartland Area Education 
Agency 11, Johnston, IA 0 0 0 0 0 0 1 0
Hoover High School, Des 
Moines, IA 0 0 0 0 0 0 1 0
Meredith Middle School, 
Des Moines, IA 0 0 0 0 0 0 1 0
National Commission on 
Teaching and America's 
Future (NCTAF), 
Washington, DC 0 0 0 0 0 1 0 0
Roosevelt High School, 
Des Moines, IA 0 0 0 0 0 2 0 0
VII. Community Colleges 0 0 0 0 0 0 0 0 0 0 N/A
VIII. Foreign Partners 4 0 0 4 0 0 0 0 0 0
Abo Akademi University 1 0 0 0 0 0 0 N/A
Eindhoven University of 
Technology 1 0 0 0 0 0 0 N/A
Fritz Haber Institute of the 
Max Planck Society 1 0 0 0 0 0 0 N/A
Technical University of 
Denmark 1 0 0 0 0 0 0 N/A
IX. Innovation Partners 7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
X. Small Business supported 
By ERC for translational 
research 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Total 34 0 2 32 25 6 6 77 6 12 4
[1] Only ERC personnel executing the ERC mission are shown in this table.
No Community Colleges were entered.
 
 
Institutional Roles 
 
Iowa State University  Lead institution and administrative home of CBiRC; faculty 
expertise in all research thrust areas; lead, education/outreach 
UC-Irvine Core partner institution; faculty expertise in microbial metabolic 
engineering of S. cerevisiae (Thrust 2) 
University of New Mexico Core partner institution; faculty expertise in chemical catalyst 
design (Thrust 3) and lead, international education 
University of Virginia Core partner institution; leadership and faculty expertise in 
chemical catalyst design (Thrust 3) 
University of Wisconsin Core partner institution; faculty expertise in chemical catalyst 
design (Thrust 3) 
W. M. Rice University Core partner institution; leadership and faculty expertise in 
microbial metabolic engineering of E. coli (Thrust 2) 
Salk Institute Affiliate institution; faculty expertise in biocatalysts for pathway 
engineering (Thrust 1) 
University of Michigan Affiliate institution; faculty expertise in biocatalysts for pathway 
engineering (Thrust 1) 
Des Moines Public Schools Pre-college partners; contribute RET and summer academy 
participants; develop/implement professional learning community 
for G6-12 science teachers 
Foreign partner institutions Faculty expertise in chemical catalyst design (Thrust 3); participate 
in international education program activities; host and provide 
exchange students/scholars 
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Fig. 6a.  Domestic Location of Lead, Core Partner, Outreach, and REU
and RET Participants’ Institutions for the Center for Biorenewable 
Chemicals at Iowa State University
 
 
Fig. 6a1.  Domestic Location of Lead, Community College, and Pre-
College Partner Institutions for the Center for Biorenewable Chemicals
at Iowa State University
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Fig. 6b.  Location of Foreign Partner Institutions for the
Center for Biorenewable Chemicals at Iowa State University
 
 
Fig. 6c.  Country of Citizenship of ERC Foreign Personnel for the 
Center for Biorenewable Chemicals at Iowa State University
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5.1.2. Leadership Effort 
 
The positions listed below are considered Key Personnel and are essential to the work of the 
Center.  No changes to these positions are contemplated at this time.  Rather, after having 
attended the ERC Program’s annual meeting in December, 2009, and working together over the 
past year to launch the Center, this group (the Leadership Team) has become more cohesive and 
effective in planning and implementing the research, education, industrial collaboration, and 
administrative aspects of the Center. 
 
Center Director Brent Shanks (ISU) 
Deputy Director Basil Nikolau (ISU) 
Administrative Director Tonia McCarley (ISU) 
University Education Program Director D. Raj Raman (ISU) 
Pre-College Education Program Director Adah Leshem-Ackerman (ISU) 
Industrial Collaboration & Innovation Director Peter Keeling (ISU) 
Diversity Director Derrick Rollins (ISU) 
International Education Program Director Abhaya Datye (New Mexico) 
Leader, Thrust 1 David Oliver (ISU) 
Co-Leader, Thrust 2 Ka-Yiu San (Rice) 
Co-Leader, Thrust 2 Jackie Shanks (ISU) 
Leader, Thrust 3 Bob Davis (Virginia) 
Leader, Life Cycle Assessment Rob Anex (ISU) 
 
At CBiRC, the Center Director is responsible for the vision that determines the direction of 
the Center and for inspiring and instilling loyalty among the leadership team, staff and affiliated 
faculty.  The Director also works to build and maintain relationships with university 
administrators and the relevant departments.  He is aided in this complex role by the Deputy 
Director, who shares some of the leadership and management responsibilities in CBiRC, and in a 
manner that complements the leadership style of the Director. 
One of the first and most critical tasks for the Director and Deputy Director was developing 
the Center’s strategic plan and a broad strategy for achieving its vision.  This initial planning was 
done by an “Executive Committee,” consisting of the Center’s directorate, with subsequent input 
by all the members of the Leadership Team.  The smaller group allowed faster convergence on 
the initial plan.  As the Center matures, the strategic plan will be reviewed and discussed at least 
annually by the Industrial Advisory Board (IAB) and the Scientific Advisory Board (SAB).  
While the natural tendency of the IAB may be to benefit industry’s short-term interests, the 
Leadership Team will strive to filter out such influences and absorb them in the higher aims of 
the plan. 
Evaluation and revision of the strategic plan at the individual thrust level is continuous.  
Adjustments are made to specific goals and short-term approaches through frequent meetings of 
the Technical Leadership Team, which consists of the Center Director, Deputy Director and 
Thrust Leaders/Co-Leaders (a total of 7 people).  The Technical Leadership Team is therefore 
ultimately responsible for coordinating the research program and projects within CBiRC. 
The University, Pre-College, and International Education Program Directors are working as a 
team to provide oversight of the Center’s education programs, with the Center Director serving 
as an ad hoc member.  The University Education Program Director serves as the chair of this 
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team.  The education program directors are also coordinating efforts to pursue additional 
education-related funding for CBiRC.  Finally, working in concert with the Technical Leadership 
Team, this group is responsible for integrating the REU, RET and other educational outreach 
programs into the Center’s research program. 
 
5.1.3. Response to Major Weaknesses and Threats from Prior Site Visit Report 
 
SVT Comment:  The team of investigators is of uniformly high quality, with unquestioned skills 
in their disciplines. They are all strongly committed to the principle of developing biorenewable 
chemical feedstocks.  It is unclear if the participating faculty will be willing to make a concerted 
effort to train their graduate students to be conversant in both biochemical and chemical 
catalysis, and to provide entrepreneurial skills.  In fact, CBiRC graduate students actually asked 
the SVT the benefits of pursuing the center’s graduate minor.  It appears that their advisors had 
not encouraged these students to take the minor – or even discussed the minor program with 
their students.   The planned graduate-level minor involves a plan to have graduate students take 
12 credit hours of coursework, including a course in chemical and biocatalysis, a course in the 
‘other’ research area and a course in entrepreneurship.  CBiRC is planning to have student 
interns at start-up companies, but the projected numbers appear to be extremely low.  The site 
visit team encourages CBiRC to explore expanding opportunities for their students to participate 
in these internships.” 
 
Having all of the CBiRC faculty actively engaging their students in the CBiRC education 
goals is tremendously important and is being discussed in more detail with the students since the 
minor has now been formalized.  We will also actively work with the SLC to ensure the 
education opportunities are broadly available to all CBiRC students.  As discussed in the 
university education section (3.1), we are re-evaluating whether start-up company internships 
can be effectively developed.  We are also exploring internship opportunities with member 
companies.  Our alternative approach for introducing entrepreneurial education for a broader 
cross-section of CBiRC students is discussed in the university education section (3.1). 
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5.2. Diversity Effort and Impact 
 
Diversity statistics for CBiRC faculty and students are shown in Tables 7a and 7f and Figures 
7b-e.  These tables and charts summarize diversity statistics at the center level by institution and 
for women, underrepresented racial minorities, Hispanics/latinos, and persons with disabilities.  
Data are shown for the leadership team, faculty, postdoctoral students, master’s students, and 
undergraduate students.  Two sections are provided in Table 7a; namely, one for U.S. citizens 
and permanent residents only, and the other for foreign nationals. 
 
Strategies for Increasing Center Diversity 
 
CBiRC’s diversity strategy will be implemented over the life of the Center. As described in 
the strategic plan, the following constituent areas will be targeted. 
 
Pre-College Students 
CBiRC has established a strong partnership with the Des Moines Public School District 
(DSMPSD), the largest district within Iowa (30,000 students, 63 schools, 40% minority 
enrollment and over 50% students receiving free or reduced lunch). Through the Research 
Experiences for Teachers (RET) program, CBiRC will build partnerships with additional high-
need K-12 schools to enrich STEM education. The DSMPSD provides access to a diverse group 
of 6-12th grade students for the Young Engineers Program. In the Summer of 2010, four high 
school rising seniors will participate in a summer research internship as part of the Young 
Engineers Program. These students have been selected from the pool of Science Bound students 
enrolled in DSMPSD and will be paired with teachers from their home institutions (also CBIRC 
participants). Science bound is an ISU initiative to increase the number of ethnically diverse 
Iowans who pursue degrees in science, technology, engineering and mathematics. The program 
initiates in 6th grade in select high minority-serving school districts in Iowa. 
Expansion of the pre-college program to New Mexico in Years 3-10 will further enhance 
recruitment of diverse 6-12th grade students into STEM subject areas in college. We will assess 
the students who participate in our pre-college program to ensure that we are involving a diverse 
set of students as well as to evaluate how many of these students are involved. We will also 
monitor the number of students involved with our program that choose STEM subject areas in 
college. 
 
Undergraduate Recruiting 
The primary recruitment of undergraduate students into the biorenewables area is through the 
CBiRC summer REU program at ISU and at our partner institutions. The international education 
program is led from the U-NM, enhancing the connection to the diverse student body at the 
institution. The high level of diversity in the existing REU programs at ISU and U-NM 
demonstrates the ability of these two CBiRC partner institutions to recruit a broad range of 
undergraduate students. As an effort to continue building relationships with minority-serving 
institutions, CBiRC will host faculty mentors of attending REU students from minority-serving 
institutions on the ISU campus during the REU program to meet with faculty and to develop 
research and/or teaching collaborations. CBiRC is committed to funding at least two ISU 
Summer Program for Enhancing Engineering Development (SPEED) students as a way to grow 
research interest among high-performing incoming underrepresented students. An active role in 
mentoring all REU students will be key to the success and growth of producing a new cadre of 
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globally competitive college graduates capable of designing integrated chemical/biological 
processing systems. 
CBiRC faculty continue to participate in university-wide outreach efforts such as campus 
visits organized by Science Bound for underrepresented junior and high school students.  Further, 
through the leadership of Professor Rollins, Assistant Dean of Diversity in the College of 
Engineering, CBiRC was a co-sponsor of the first annual College of Engineering Diversity Fair. 
The mission of this event was to broaden the participation of underrepresented undergraduate 
students in engineering. University of Maryland – Baltimore County President Freeman A. 
Hrabowski, III, delivered the keynote speech and engaged with Iowa State University executive 
leadership, faculty, staff, and students throughout the course of the day to generate discussions of 
ways to increase diversity among multiple groups at ISU. At the time of this writing, the 2010 
REU planning is well underway, and over 150 student applications are in hand. Several 
applications have been received from University of Maryland – Baltimore County, likely 
because of President Hrabowski’s efforts. CBiRC will continue to seek ways to support the 
College of Engineering’s underrepresented student enrollment goals. 
Additional efforts have been made through the partnership with student organizations, the 
Society of Women Engineers (SWE), and the National Organization for Black Chemists and 
Chemical Engineers (NOBCChE) for the recruitment of students at national conferences for both 
the CBiRC REU program and graduate studies. Initial discussions have been made with CBiRC 
associated faculty serving as advisors to student groups with large underrepresented populations 
as well as active participation on the lead institution’s AGEP-GWC-McNair Faculty Council in 
efforts to develop MOU’s between CBiRC and the AGEP and potential LSAMP programs by 
working directly with the chairs of that council. We will assess all these approaches through the 
Evaluation and Assessment program discussed in Section 5.5. 
 
Graduate Recruiting 
Pre-college and university education programs are creating a graduate student pipeline for the 
center.  The active student leadership council (SLC) has also been a key role in broadening the 
awareness of CBiRC, providing direct association for undergraduates to explore graduate studies 
at ISU.  The new CBiRC Graduate Minor at ISU will be used as a recruiting tool for outstanding 
underrepresented minority students. 
Despite significant numbers of graduates from AGEP programs at the top 25 doctoral 
programs in the country, low matriculation into faculty positions has occurred. To address this 
issue, the AGEP program at Iowa State is shifting its focus from strictly graduate students to 
include postdoctoral researchers. At the time of this writing, CBiRC faculty at the lead institution 
are being asked to consider supporting an AGEP postdoc or graduate student in the Fall of 2010 
and to participate in recruiting trips to these schools in efforts to develop collaborations with 
faculty who have similar research interests. One such collaboration example is a faculty member 
in Mechanical Engineering who is working with the senior design teams at Prairie View A&M as 
an external consultant.  CBiRC faculty will be encouraged to pursue similar strategic 
partnerships. 
The CBiRC University Education Program Director (Raman) serves actively on the ISU 
GMAP (Graduate Minority Assistantship Program) faculty council, whose purview includes 
GMAP, AGEP, George Washington Carver Doctoral Scholars, and McNair Programs on 
campus, and is drafting a memorandum of understanding (MOU) between CBiRC and AGEP 
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with a focus on mentoring graduate students and postdocs. CBiRC expects to have this MOU 
complete by the time of the 2010 site visit in May. 
There is not a regional LSAMP at present, but the GMAP faculty council chair (Adin Mann, 
Assistant Dean of the Graduate College at ISU) is developing a proposal for one, in conjunction 
with multiple institutions in the region (including University of Iowa, University of Northern 
Iowa, and the University of Nebraska) for submission in October, 2010. Dean Mann indicates 
that CBiRC can play an important role in the LSAMP proposal through its pre-college efforts, 
which are effectively building the regional pool of talented underrepresented minorities pursuing 
science and engineering. As the LSAMP proposal comes together, we anticipate that CBiRC will 
participate formally. 
 
Faculty and Investigator Recruiting 
We have a commitment from ISU to add five new faculty members over the initial 10 years 
of CBiRC who can contribute to its strategic research.  We initiated the first search for a new 
faculty member with the chemical catalysis area being targeted.  In the search process, we have 
included direct invitations for applications from diverse candidates. 
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20.8% 11.8% 22.4% 18.1% N/A
22.07% 26.73% 26.91% 29.65% 28.28%
[3] Total counts include personnel regardless of citizenship status
[2] Faculty Includes - Directors, Thrust Leaders, Education Program Leaders, Research - Senior 
Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and 
Outreach - Senior Faculty, Curriculum Development and Outreach - Junior Faculty and, 
Curriculum Development and Outreach - Visiting Faculty 
Figure 7b.  Women in the ERC [3].
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Figure 7c.  Underrepresented racial minorities in the ERC.
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Faculty Doctoral Masters Undergraduate Leadership Team
3.5% 3.4% 5.2% 7.0% N/A
6.67% 6.75% 12.96% 15.10% 6.15%
Figure 7d.  Hispanics/Latinos in the ERC.
Averages
[2] Faculty Includes - Directors, Thrust Leaders, Education Program Leaders, Research - Senior 
Faculty, Research - Junior Faculty, Research - Visiting Faculty, Curriculum Development and 
Outreach - Senior Faculty, Curriculum Development and Outreach - Junior Faculty and, 
Curriculum Development and Outreach - Visiting Faculty 
National Engineering 
Averages 2007
All ERC's 2009
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Figure 7e.  Persons with disabilities in the ERC [4].
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 # % # % # %
Lead Institution
Iowa State University 35 32% 3 3% 7 6%
Core Partner
University of California - Irvine 3 38% 0 0% 1 13%
University of New Mexico 6 33% 0 0% 6 33%
University of Virginia 2 12% 0 0% 1 6%
University of Wisconsin - Madison 2 22% 0 0% 1 11%
William Marsh Rice University 2 29% 0 0% 2 29%
Collaborating Institutions
Salk Institute for Biological Studies 1 20% 0 0% 1 20%
University of Michigan 1 25% 0 0% 0 0%
Non-ERC Institutions Providing REU Students
Michigan State University 1 100% 0 0% 0 0%
University of Maryland 1 100% 0 0% 0 0%
University of Puerto Rico, Mayagüez 1 100% 0 0% 1 100%
Pre-college Partners
Ames High School 0 0% 0 0% 0 0%
Brody Middle School 1 50% 0 0% 0 0%
Callanan Middle School 0 0% 1 100% 0 0%
Des Moines Public School District 1 100% 0 0% 0 0%
East High School 2 50% 0 0% 0 0%
Goodrell Middle School 1 100% 0 0% 0 0%
Harding Middle School 0 0% 0 0% 0 0%
Heartland Area Education Agency 11 0 0% 0 0% 0 0%
Hoover High School 0 0% 0 0% 0 0%
Meredith Middle School 0 0% 0 0% 0 0%
National Commission on Teaching and America's 
Future (NCTAF) 1 100% 0 0% 0 0%
Roosevelt High School 2 100% 0 0% 0 0%
Foreign Partner
Abo Akademi University 0 0% 0 0% 0 0%
Eindhoven University of Technology 0 0% 0 0% 0 0%
Fritz Haber Institute of the Max Planck Society 0 0% 0 0% 0 0%
Technical University of Denmark 0 0% 0 0% 0 0%
[1] This data only includes U.S. Citizens and Legal Permanent Residents.
[2] Underrepresented Racial Minorities is a sum of all personnel entered in the following categories:  American Indian or
[3] Hispanics is a sum of all U.S. Citizens that are indicated to be of hispanic ethnicity.
Alaska Native, Black or African American, Native Hawaiian or Other Pacific Islander, or More than one race reported, minority.
Table 7f.  Center diversity, by institution.
Institution
Women Underrepresented Racial Minorities [1] [2] Hispanics [1] [3]
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 5.3. Management Effort 
 
5.3.1. Organization and Strategic Management 
 
Though CBiRC is a multi-institutional partnership, administrative/managerial responsibility 
and authority for the Center ultimately rests with Iowa State University as lead institution.  For 
the most part, how the various institutions interact and share in and contribute to Center 
operations and resources is clarified and formalized in the Membership Agreement and 
Confidential Disclosure Agreement (see Appendix II), which all core partner institutions and 
industry members have since executed; and the individual Subcontract Agreements, which have 
also been executed between Iowa State and all subawardee institutions. 
Within Iowa State University, the Center Director reports to the Dean of the College of 
Engineering, who chairs the Council of Deans from the partner institutions and convenes the 
Internal Academic Policy Board as needed for guidance to the Center.  In addition to the Dean of 
Engineering, the Internal Academic Policy Board consists of the Associate Deans for Research in 
the Colleges of Engineering, Agriculture and Life Sciences, and Liberal Arts and Sciences, as 
well as a representative from the Office of the Vice President for Research and Economic 
Development at ISU. 
As reported in Section 5.1, positions for all key personnel have been filled, and no new hires 
or changes to existing positions are envisioned at this time.  Two notable changes occurred, 
however, since last year’s report was submitted.  Namely, Dr. Peter L. Keeling was hired to 
replace Jill Euken as the Center’s Industrial Collaboration and Innovation Director/Industrial 
Liaison Officer (ILO), and Lindsey Long was hired to replace Katie Blair as Education Program 
Assistant (see Figure 5.3.1). 
The Site Visit Team noted last year that the Center needed to critically assess its current 
industrial recruitment and service strategy, “as it is attempting to carry out the industrial liaison 
role with two professionals working in tandem part-time, with the industrial liaison not having a 
technical background in the Center’s target industries.  Many young ERC’s have tried and 
discarded this strategy.  While the industrial liaison’s other university role (Bioeconomy 
Institute) does offer the ability to leverage those contacts, the lack of understanding of the 
technical areas involved in the ERC, that was apparent to the SVT, will not serve the ERC well in 
marketing the ERC to potential members and working with ongoing members to fully understand 
how the Center can address key industry R&D needs.”  In response to this recommendation, we 
hired Dr. Keeling as the full-time ILO.  Dr. Keeling is a biochemist who has worked in the 
chemical industry, successfully led the launch of a startup company, and experience interacting 
with graduate students.  His experience in these three areas makes him an ideal mentor for 
CBiRC students and faculty in translating research ideas to technology.  Additionally, his 
technical background in industrial biotechnology complements the industrial chemical catalysis 
experience of the CBiRC Director, creating a unique opportunity for the Center by hiring him 
into this position full-time. 
The other personnel change was necessitated by the departure of Katie Blair, who left the 
Center for another position at ISU.  Lindsey Long was subsequently hired and now assists the 
education program directors with coordination and management of the Center’s pre-college, 
undergraduate and graduate programs, including the REU and RET programs.  Given Lindsey’s 
experience working previously for the ISU College of Engineering’s Diversity Affairs office, she 
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 will also assist the CBiRC Diversity Director and Leadership Team with continued development 
and tracking of the Center’s diversity strategic plan. 
 
 
 
Fig. 5.3.1.  Organization chart for CBiRC. 
 
5.3.2. Advisory Bodies and Their Roles 
 
CBiRC Leadership Team and Center Operations 
As described in Section 5.1, the Center Director and Deputy Director head the CBiRC 
Leadership Team, which is responsible for overseeing the day-to-day operations of the Center as 
well as coordinating its overall strategic activities.  To this end, the Leadership Team meets 
monthly via the Center’s web-conferencing system to plan, discuss and/or implement Center 
policies and procedures; self-assess and/or develop reporting tools to measure the Center’s 
performance and progress toward stated goals; and otherwise help implement the Center’s vision 
and strategic plan.  The team’s ISU members meet together in person more frequently to handle 
routine business matters and address other important administrative aspects of the Center, 
including continued development of the Center’s new, secure SharePoint (intranet) site, which 
has enabled more efficient communication and management capabilities. 
 
Technical Leadership Team and Project Review/Assessment 
As previously discussed, the Technical Leadership Team is responsible for coordinating the 
Center’s overall research program and managing its research project portfolio.  To this end, the 
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 team is ultimately responsible for:  1) developing methods for determining which projects are 
needed to achieve the Center’s strategic plan; 2) allocating funds to implement the strategic plan 
and monitoring the expenditure of these funds; 3) assessing the quality and impacts of the 
projects; 4) identifying and pursuing opportunities for sponsored and/or associated projects that 
will help the Center achieve its strategic goals; and 5) forming or modifying the research thrust 
teams, as needed.  Working collaboratively with the education program directors, this team is 
also responsible for integrating the REU and RET programs into the research program.  The 
Technical Leadership Team will consider input from the Scientific Advisory Board and 
Industrial Advisory Board in making these decisions.  Integration of projects within a specific 
thrust area will be the responsibility of the respective Thrust Leader. 
 
Student Leadership Council 
CBiRC’s Student Leadership Council (SLC) is comprised of students selected from across the 
academic partner institutions.  Each member serves staggered two-year terms, with half of the 
Council new each year.  The SLC conducts bi-monthly meetings and formally advises the CBiRC 
Leadership Team twice yearly (and informally on an as-needed basis) on effective strategies for 
ensuring research collaboration between students and across institutions.  The SLC also helps to 
coordinate the involvement of CBiRC undergraduate students, graduate students and postdoctoral 
researchers in CBiRC’s research, education, and outreach activities. 
The SLC is currently co-chaired by two graduate students:  Christopher Leber, a doctoral 
student working in the Da Silva Lab at the University of California – Irvine, and Sara Davis, a 
doctoral student working in the Davis Lab at the University of Virginia.  Since both Chris and 
Sara are off-site, Jon Hurst, a doctoral student working in the Wurtele Lab at ISU, provides some 
backup and serves as their liaison with the lead institution.  Three additional graduate students 
and an undergraduate student complete the Council’s membership.  Members are selected to 
ensure that all three research thrusts are represented, and to engage students from not only ISU as 
lead institution, but also at least two of the Center’s partner institutions.  Dr. Marna Yandeau-
Nelson, an Associate Scientist in the Nikolau Lab at ISU, is serving on the Council in an ex 
officio capacity as a non-Leadership Team advisor for the students.  Finally, Dr. Adah Leshem-
Ackerman also helps mentor the SLC and liaison on its behalf with the CBiRC Leadership Team. 
The SLC is currently drafting the group’s Constitution and Bylaws and is planning to 
conduct its second SWOT analysis of CBiRC next month.  The results of the SWOT analysis will 
be completed and presented to the Site Visit Team in May, 2010, when students and SLC 
members meet with that group in private session. 
 
Industrial and Scientific Advisory Boards 
As described in the Center’s Membership Agreement (see Appendix II), CBiRC will have an 
Industrial Advisory Board (IAB) comprised of one representative from each Member company.  
The IAB will meet at least bi-annually on-site to provide advice to CBiRC consistent with the 
aims of the NSF ERC program, including guidance on strategic direction, research activities, 
education programs and technology transfer efforts.  Meeting logistics and other operating 
procedures of the IAB have been determined outside of the Agreement, and these are more fully 
covered in Section 4 (Volume I) of this report.  Schedule-wise, the on-site meetings will 
routinely be held in conjunction with the Center’s annual site visit in the Spring, and the other, in 
conjunction with the Center’s annual working meeting in the Fall.  At the Spring meeting, the 
IAB will meet privately with the Site Visit Team to present the results of its annual SWOT 
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 analysis and otherwise provide an industrial perspective on the Center’s strategic direction and 
an assessment of its performance toward research and technology transfer goals. 
Review of the Center’s critical milestones and test beds will be an important function of the 
Scientific Advisory Board.  A second set of milestones are key steps required to advance a 
specific test bed.  Advancing a test bed ultimately leads to technology transfer to our industrial or 
innovation partners.  Hence, progress on specific test bed milestones will be reviewed by the 
Industrial Advisory Board.  Reaching the critical milestones is predicated on successful 
completion of test bed milestones. 
 
Dean’s Council 
Given the large number of institutions involved in CBiRC and the fact that each partner 
institutions has either 1 or 2 CBiRC-related faculty, the Dean’s Council, which consists of the 
Engineering Deans at ISU and the partner institutions as well as the Deans of the two non-
Engineering Colleges at ISU that contribute faculty to the Center, will convene by 
teleconference.  The first teleconference for this group will occur at the second year of operation 
of the Center.  This timing for the meeting was selected as two important activities involving the 
Deans now need to commence.  First, CBiRC will work with the council to help disseminate the 
education programs that been initiated at ISU by CBiRC to the partner institutions.  The second 
activity will be working with the council to prepare for the 3rd year review of CBiRC. 
 
5.3.3. Management and Integration of Research and Education Programs 
 
Decisions on projects needed to achieve the Center’s Strategic Plan, determination of the 
funding allocation to implement the strategic plan, and assessment of research program quality 
and impacts is performed by the Technical Leadership Team (TLT) as discussed above.  The 
TLT is in ongoing dialogue during the year to make mid-year corrections as needed and meets 
through Adobe Connect immediately after the Leadership Team meeting, which is held every 
month.  At the end of the May center-wide meeting the TLT will meet to formally assess the 
status of the individual research programs and begin the process of establishing the funding 
allocations for the upcoming year.  Input from the IAB and SAB will be used to help guide these 
decisions.  Integration of CBiRC’s research and education programs is coordinated by the TLT in 
concert with the Pre-College, University, and International Education Directors.     
 
Mentoring Activities for Postdoctoral Research Associates 
While standard mentoring activities between CBiRC faculty and the postdoctoral research 
associates (postdocs) in their respective laboratories are ongoing, CBiRC intentionally provides 
additional mentoring for the postdocs affiliated with the Center.  Postdocs are active participants 
in center-wide and Thrust-specific meetings.  Therefore, they are exposed to the systems-level 
work that is a hallmark of the Center, which is not normally available to postdocs working in 
non-ERC laboratories.  During the October center-wide meeting the postdocs all present their 
work in the poster session to the Industrial members and other CBiRC-affiliated researchers.  
This interaction with industrial researchers creates an excellent opportunity for the postdocs to 
better understand their work within the context of how it is viewed by industry.  The postdocs 
also include their CVs within the CV compilation that is provided to the member companies.  
Postdocs participate in the Center’s RET and REU programs as mentors.  The opportunity to 
have a “managerial-type” experience is an important learning experience as postdocs will 
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 typically have leadership responsibilities when they assume professional positions in academia 
or industry.  Postdocs will be provided support to learn how to be effective mentors in the RET 
and REU programs. 
 
5.3.4. Center-wide Fiscal Planning and Management 
 
Budgeting and Fiscal Planning 
Establishing budgets/funding allocations is an important process that, at present, is initially 
addressed at the director and Leadership Team levels.  Thrust and program area leaders first 
propose line-item budgets for all the projects within their thrust or program areas based on 
strategic goals and expected milestones and deliverables.  These preliminary budgets are then 
reviewed and refined by the Director and Administrative Director, who assimilate and transform 
the line-item budgets into an integrated functional budget for the Center.  The revised line-item 
budgets are then returned and discussed among the Technical Leadership Team to ensure 
technical connectivity across and among thrusts.  In this fashion, the functional and line-item 
budgets/spending plans for the current and proposed Award Years are developed (see Tables 8 
and 8b, Figure 8a, Table 10, and the “Budget Request” section of this report).  Coincidentally, all 
growth requested in the spending plan for the next Award Year is within the traditional growth 
trajectory for ERC’s (which projects increases in base support of $250,000 per year up to the 
fourth year, at which time, funding flattens at $4.0 million) and allows for 3% inflation in salary, 
fringe benefit, travel, material, and other direct costs. 
It is important to note that multi-university centers like CBiRC face a unique challenge of 
reviewing and allocating budgets not only across thrust and program areas, but also across 
institutions.  Therefore, the Center will develop a process that addresses the concerns of all 
internal parties such as thrust leaders, campus directors, program directors, and PIs, while also 
reflecting the input of the IAB and SAB and other external stakeholders.  Further, the Director, 
Administrative Director, and Technical Leadership Team will ensure that the fiscal planning 
process and budget outcomes reflect the multi-institutional nature of the Center.  As champion of 
the Center’s vision, the Director’s perspective, in particular, will be instrumental in ensuring that 
the project review and assessment process considers not only technical connectivity within and 
among thrusts, but also supports ongoing intercampus connectivity. 
 
Sources and Types of Financial Support 
As reflected in Tables 9 and 11, CBiRC has three primary sources of unrestricted cash 
support in the current Award Year; namely, the NSF ERC base award, U.S. industry (through the 
Center’s member program), and U.S. universities (in the form of institutional cost sharing).  At 
present, Iowa State University is the only institutional partner to commit cost sharing (at the level 
of $600,000 cash per year for the first five years).  In the third year, when the Center is preparing 
its annual report/renewal proposal, university cost sharing will be revisited, and core partner 
institutions may be asked to provide cash or in-kind donations, thereby assuring participation by 
all the CBiRC institutions in the vision for the Center.  The Center’s directors and Technical 
Leadership Team will ensure that any cost sharing commitments made at that time are achieved, 
and further, that these commitments remain balanced against expected and actual outcomes. 
Table 9 also shows that the Center has received restricted cash in the current Award Year for 
two sponsored projects.  The first is a supplement provided through the ERC base award to 
develop a partnership between CBiRC and the National Commission on Teaching and America’s 
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 Future (NCTAF).  Funds are being used, in particular, to develop a professional learning 
community for science teachers in Des Moines middle and high schools.  The second is an REU 
supplement provided through the NSF EFRI-HyBi program.  This past Fall, Jackie Shanks and 
Basil Nikolau were awarded funds through this program for a project entitled “Bioengineering a 
System for the Direct Production of Biological Hydrocarbons for Biofuels.”  The prime award is 
actually an associated project, since it is being administered through the home departments of the 
Principal Investigators.  However, they also received supplemental funds for an REU program 
that were awarded directly to CBiRC as a way to leverage resources, and hence, sponsorships are 
available to additional REU students for the next four years. 
Finally, during this year’s data collection and annual reporting exercise, a number of 
associated projects were identified by the Technical Leadership Team as contributing to the 
Center’s research strategic plan.  Associated project funds are administered outside the Center by 
the home departments of the faculty investigators.  As reflected in Table 9, these projects were 
funded by U.S. industry, U.S. and foreign universities, other NSF programs (e.g, EFRI and 
PIRE), and other Federal agencies (e.g., NIH, USDA, DOE). 
 
Uses of Funds 
During award negotiations in May, 2008, a functional budget for the first Award Year was 
requested by and submitted to the NSF.  Then in December, 2008, an updated functional budget 
was submitted via the Center’s strategic plan.  The Center’s most recent spending plan is shown 
in Tables 8 and 10. 
Faculty investigators often find it necessary to rebudget among line-items, whether it be to 
purchase equipment or additional supplies that will facilitate their research, or to hire additional 
postdocs or students to carry out the work.  Under expanded authorities, Iowa State University 
has already approved several rebudget requests, and we envision that this will continue to be the 
case, especially as new test beds are explored and projects are reviewed for satisfactory progress 
by the Technical Leadership Team. 
It is important to note a few things about the Center’s current and next Award Year spending 
plans, as shown in these tables.  First, as of the date of this report, the Center is projecting that it 
will completely expend its current Award Year budget and draw down all sources of support.  
This is primarily because the Center’s industry membership base is still not of the order 
envisioned in the original application.  Several of the nine member companies that had originally 
committed to membership deferred to a future year (or in some cases, indefinitely) due to the 
unstable economic climate in the U.S. and abroad.  Consequently, a few adjustments have been 
made to the Center’s original spending plan (i.e., we’ve redistributed costs among and between 
our sources of support), and we’re not expecting to carry forward any residual funds into the next 
Award Year. 
Second, the $8.128 million reported during award negotiations as the (in-kind) value of new 
construction donations is omitted entirely (notice it no longer appears in Table 8).  The Board of 
Regents, State of Iowa, gave final approval to plans for a new Biorenewables Research 
Laboratory building, including a $32 million budget, on Feb. 7, 2008.  This building will be the 
new home of the NSF ERC for Biorenewable Chemicals effective 4/14/2010.  We had 
previously estimated a value for new construction proportionally based on the Center’s expected 
occupancy in the new building, i.e., 10,000 of 39,320 net assignable square feet is ~25.4% of $32 
million, or $8,128,000.  However, the ERCWeb reporting guidelines state that “existing space or 
space in a new building that is made available to the ERC by lead or core partner institutions is 
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 usually ineligible for inclusion.”  Moreover, since the Center did not receive State funds directly, 
nor does it control the use of funds for construction (rather, the capital project is the 
responsibility of Iowa State University's Facilities Planning & Management), we are no longer 
reporting any “Sources for Value of New Construction Donations.” 
Third, Iowa State University’s DHSS-approved Facilities & Administrative (indirect cost) 
rate on the ERC base award is 46.5% of Modified Total Direct Cost.  As further evidence of its 
institutional support for CBiRC, ISU has agreed to permanently waive indirect costs that would 
otherwise be charged to the Center’s member companies.  Unrecovered indirect costs on the 
Center’s membership fees are accordingly reported as “Sources for Value of Other Assets 
Donated,” and the value reported this year ($38,602) is based on 46.5% of actual Modified Total 
Direct Costs for the period 9/1/2009 to 2/28/2010.  This amount will be adjusted in next year’s 
report to reflect the calculable amount for the entire Award Year ending 8/31/2010. 
Finally, in preparing the spending plan for the next Award Year, industry funding was 
estimated on the basis of existing members paying only their annual fees for membership 
renewal.  In other words, no new/additional memberships were included.  Given prevailing 
financial and market uncertainties, we feel it prudent to be more conservative in this estimate. 
 
5.3.5. Response to Major Weaknesses and Threats from Prior Site Visit Report 
 
SVT Comment:  Management must have the SLC initiate their own discussions with other 
member schools students and students in the different thrust areas need to reach out and 
communicate with other labs in their particular test bed.  SLC interact in meetings with the center 
director on a regular basis.  More integration of the IAB into the thrust area meetings and test 
bed meetings are needed so that industrial needs are addressed and industry can mentor projects 
based on their knowledge of market needs. 
 
Now that the initial group of CBiRC students is fully placed in the labs, we are working to 
accomplish exactly the objectives outlined in this paragraph. 
 
SVT Comment:  Management should allocate budget for locating and signing new industrial 
partners and for the SLC. 
 
Indeed, Year 1 residuals and Year 2 funds have been allocated for these activities.  The 
current Award Year budget includes ~$25,000 for member recruitment, including travel and 
meeting expenses, and another $25,000 for SLC activities, including a new student seminar series, 
poster awards/prizes, web-conferencing equipment for all labs to improve communication and 
collaboration, and travel for SLC representatives to the ERC annual meeting. 
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 Table 8.  Functional budget.
Life Cycle Assessment Support Area $76,361 $0 $0 $0 $0 $0 $0 $76,361 $75,000 $151,361
Thrust 1 - New Biocatalysts for Pathyway 
Engineering $735,335 $49,583 $0 $45,995 $0 $0 $0 $830,913 $4,077,829 $4,908,742
Thrust 2 - Microbial Metabolic Engineering $1,048,722 $19,741 $0 $0 $0 $0 $0 $1,068,463 $884,556 $1,953,019
Thrust 3 - Chemical Catalyst Design $916,375 $49,014 $0 $3,992 $0 $0 $0 $969,381 $1,530,338 $2,499,719
Research Total $2,776,793 $118,338 $0 $49,987 $0 $0 $0 $2,945,118 $6,567,723 $9,512,841
General & Shared Equipment $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
New Facilities/ New Construction $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
Leadership/ Administration/ Management $50,234 $20,000 $0 $362,029 $0 $0 $0 $432,263 $0 $432,263
Education Programs (excluding REU and RET 
Programs) $37,977 $40,000 $0 $200,000 $0 $0 $0 $277,977 $204,958 $482,935
Research Experiences for Teachers 
Program $75,400 $0 $0 $0 $0 $0 $0 $75,400 $0 $75,400
Research Experience for Undergraduates 
Program $69,550 $0 $0 $0 $29,400 $0 $0 $98,950 $0 $98,950
Industrial Collaboration/Innovation Program $0 $156,865 $0 $0 $0 $0 $0 $156,865 $0 $156,865
Center Related Travel $9,450 $0 $0 $50,000 $0 $0 $0 $59,450 $0 $59,450
Residual Funds Remaining $2,000,000 $0 $0 $0 $87,600 $0 $0 $2,087,600 N/A $2,087,600
Indirect Cost $1,247,326 $0 $0 $0 $5,400 $0 $0 $1,252,726 N/A $1,252,726
Total $6,266,730 $335,203 $0 $662,016 $122,400 $0 $0 $7,386,349 $6,772,681 $14,159,030
TotalUniversity Other NSF OtherOther Government
Direct 
Support 
Total
Associated 
ProjectsStateFunction ERC Program Industry
Direct Support
 
 
 
 
 
Research Total - 40%
General & Shared 
Equipment - 0%
New Facilities/ New 
Construction - 0%
Leadership/ 
Administration/ 
Management - 6%Education Programs 
(excluding REU and RET 
Programs) - 4%Research Experiences for Teachers Program - 1%
Research Experience for 
Undergraduates Program 
- 1%
Industrial 
Collaboration/Innovation 
Program - 2%
Center Related Travel -
1%
Residual Funds 
Remaining - 28%
Indirect Cost - 17%
Fig. 8a.  Functional budget as a percentage of direct support.
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 Table 8b.  Proportional distribution of current Award Year budget by institution. 
Institution Direct Casha 
Associated 
Projectsb 
Total Cash 
and 
Associated 
Projects 
% Total 
Direct Cash 
% Total 
Associated 
Projects 
Iowa State University $5,366,922 $5,062,880 $10,429,802 72.7% 74.8% 
W. M. Rice University $386,798 $196,383 $583,181 5.2% 2.9% 
University of California – 
Irvine 
$423,460 $204,841 $628,301 5.7% 3.0% 
University of New Mexico $243,523 $829,640 $1,073,163 3.3% 12.3% 
University of Virginia $358,920 $341,000 $699,920 4.9% 5.0% 
University of Wisconsin – 
Madison 
$151,140 $0 $151,140 2.0% 0.0% 
All Other Institutions $455,586 $137,937 $593,523 6.2% 2.0% 
TOTAL $7,386,349 $6,772,681 $14,159,030 100.0% 100.0% 
a. Total from all sources, including Federal (other NSF programs or agencies), industry, State, 
university, etc., and residuals from the prior Award Year. 
b. This amount includes the NSF PIRE award (A. Datye, PI/PD).  While the University of New 
Mexico is the prime recipient, Iowa State University, University of Virginia, and University of 
Wisconsin-Madison are all subcontractors.  Hence, these funds are actually allocated among 
the four schools, but for purposes of this report, are attributed to the lead institution. 
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 Table 9.  Sources of support.
Rec'd. Prom. Total
    NSF ERC Base Award $0 $3,250,000 $5,500,000 $0 $5,500,000 $8,750,000
    U.S. Industry $0 $205,000 $100,000 $50,000 $150,000 $355,000
    Foreign Industry $0 $0 $0 $0 $0 $0
    State $0 $0 $0 $0 $0 $0
    U.S. University $0 $600,000 $547,500 $52,500 $600,000 $1,200,000
    Foreign University $0 $0 $0 $0 $0 $0
    Other NSF (Not ERC Program) $0 $0 $0 $0 $0 $0
    Other U.S. Government (Not NSF) $0 $0 $0 $0 $0 $0
    Foreign Government $0 $0 $0 $0 $0 $0
    Other Source. $0 $0 $0 $0 $0 $0
TOTAL Unrestricted Cash $0 $4,055,000 $6,147,500 $102,500 $6,250,000 $10,305,000
    NSF ERC Program Special Purpose 
Awards and Supplements $0 $0 $55,716 $0 $55,716 $55,716
    U.S. Industry $0 $0 $0 $0 $0 $0
    Foreign Industry $0 $0 $0 $0 $0 $0
    State $0 $16,000 $0 $0 $0 $16,000
    U.S. University $0 $0 $0 $0 $0 $0
    Foreign University $0 $0 $0 $0 $0 $0
    Other NSF (Not ERC Program) $0 $0 $122,400 $0 $122,400 $122,400
    Other U.S. Government (Not NSF) $0 $0 $0 $0 $0 $0
    Foreign Government $0 $0 $0 $0 $0 $0
    Other Source. $0 $0 $0 $0 $0 $0
TOTAL Restricted Cash $0 $16,000 $178,116 $0 $178,116 $194,116
    NSF/ERC Program [2] $0 $0 $711,014 $0 $711,014 N/A
    U.S. Industry [2] $0 $0 $185,203 $0 $185,203 N/A
    Foreign Industry [2] $0 $0 $0 $0 $0 N/A
    State [2] $0 $0 $0 $0 $0 N/A
    U.S. University [2] $0 $0 $62,016 $0 $62,016 N/A
    Foreign University [2] $0 $0 $0 $0 $0 N/A
    Other NSF (Not ERC Program) [2] $0 $0 $0 $0 $0 N/A
    Other U.S. Government (Not NSF) [2] $0 $0 $0 $0 $0 N/A
    Foreign Government [2] $0 $0 $0 $0 $0 N/A
    Other Source.  [2] $0 $0 $0 $0 $0 N/A
TOTAL Residual Funds [2] $0 $0 $958,233 $0 $958,233 N/A
    U.S. Industry $0 $144,896 $182,319 $0 $182,319 $327,215
    Foreign Industry $0 $0 $0 $0 $0 $0
    State $0 $0 $168,752 $0 $168,752 $168,752
    Other NSF (not ERC program) $0 $460,794 $2,880,459 $0 $2,880,459 $3,341,253
    Other US Government (not NSF) $0 $515,583 $3,444,651 $0 $3,444,651 $3,960,234
    Foreign Government $0 $0 $0 $0 $0 $0
    Other (specify source) $0 $120,000 $60,500 $0 $60,500 $180,500
    Foreign University $0 $0 $36,000 $0 $36,000 $36,000
TOTAL Associated Projects [4] $0 $1,241,273 $6,772,681 $0 $6,772,681 $8,013,954
TOTAL Cash Support, All Sources [3] $0 $4,071,000 $7,283,849 $102,500 $7,386,349 $10,499,116
    U.S. University $0 $0 $38,602 $0 $38,602 $38,602
TOTAL Value of Other Assets Donated $0 $0 $38,602 $0 $38,602 $38,602
TOTAL In-Kind Support, All Sources $0 $0 $38,602 $0 $38,602 $38,602
Percent Non-ERC Program Cash N/A 20.17 12.17 100.00 13.57 16.13
Grand Total (Cash + In-Kind) $0 $4,071,000 $7,322,451 $102,500 $7,424,951 $11,495,951
Sources of Support
Early 
Cumulative 
Total [1] Cumul. Total [2]
  Unrestricted Cash
  Restricted Cash
  Residual Funds
Sep 01, 2009 - Aug 31, 2010
September 1, 
2008 - August 
31, 2009
  Associated Projects
  Other Assets
[1] For Centers in operation for more than five years.
[2] No Residual amounts are included in the Cumulative Total because the funds are by definition included in the year in which they were received.
[3] Cash Total = The sum of Unrestricted Cash, Restricted Cash, and Residual Funds for a particular NSF Award Year, but NOT Support for 
Associated Projects. This cash amount in Table 9 is also the total for the 'Expenditure' column pertaining to the same Award Year in Table 10: Annual 
Expenditures and Budgets.
Explanation of Residual Funds entry in Direct Sources of Support - Cash
Of the total residual amount, $474,556 will be used in AY2 to pay prior Award Year obligations, including outstanding purchase orders 
to/invoices from approved subawardees and equipment vendors.  The remainder is unobligated but will be carried forward to the same projects 
for which balances remained at year-end and will be used as on-going support.  
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 Table 10.  Annual expenditures and budgets.
Expenses Proposed and Residual 
Budget
Early Cumulative 
Total [1]
Sep 1, 2008 -     
Aug 31, 2009 
Expended
Sep 01, 2009 - 
Aug 31, 2010 
Budget
Proposed Budget 
- Next Award 
Year
   Faculty $0 $216,009 $204,652 $221,264
   Postdocs $0 $187,182 $440,045 $287,358
   Students $0 $295,257 $948,440 $798,908
   Research Staff $0 $77,295 $159,858 $99,663
   Administration/Management $0 $325,409 $412,701 $429,246
   Other Salaries $0 $18,688 $10,291 $31,385
Total Salaries $0 $1,119,840 $2,175,987 $1,867,824
Fringe Benefits $0 $232,695 $494,799 $432,016
Salaries and Fringe Benefits Total $0 $1,352,535 $2,670,786 $2,299,840
   General Operating Expenses $0 $560,110 $925,857 $911,450
   Facilities $0 $0 $0 $0
   Major Isolated Expenses $0 $0 $0 $0
   Equipment $0 $362,957 $275,031 $20,000
   Indirect Costs $0 $717,680 $1,252,725 $1,111,510
   Other $0 $119,005 $174,350 $227,000
Total Other Expenses $0 $1,759,752 $2,627,963 $2,269,960
Residual Funds Remaining $0 $958,713 $2,087,600 $122,800
TOTAL Expenditures & Budgets $0 $4,071,000 $7,386,349 $4,692,600
   ERC Program $0 $0 $711,014 $2,000,000
   Other NSF $0 $0 $0 $87,600
   Other Federal $0 $0 $0 $0
   Industry $0 $0 $185,203 $0
   Other $0 $0 $62,016 $0
Prior Award Year Residual Funds 
spent in Current Award Year $0 $0 $958,233 $2,087,600
[1] For Centers in operation for more than 5 years
Explanation of Residual Funds entry in Annual Expenditures and Budget
Salaries
Other Expenses
Prior Award Year Residual Funds spent in Current Award Year
Of the $2,087,600 in AY2, $2,000,000 represents forward funding from the NSF that is being held on reserve 
until AY3. The other $87,600 is second-year funding for a multi-year NSF EFRI grant which supplements our 
REU program. The residual will be carried forward for participant support costs per the approved award 
budget.
Of the $122,800 in AY3, $52,800 represents third-year funding for the NSF EFRI REU supplement, and 
$70,000 is funds we expect will be left unexpended in our industry membership account based on anticipated 
revenues of $255,000 (annual fees from all existing members).  
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5.4. Resources and University Commitment 
 
5.4.1. Facilities and Headquarters Space 
 
While all of the institutional partners are dedicated to the success of CBiRC, Iowa State 
University has a unique role and is thus committed to providing additional resources beyond 
those from NSF and the Center’s industrial partners.  The biorenewables area is critically 
important to ISU ― the state has identified it as a top priority, which creates an ideal 
environment for CBiRC to flourish.  Also, a large biorenewables infrastructure already exists at 
ISU that CBiRC is able to access.  Given the importance of the Center, ISU has agreed to provide 
$600,000 per year (for the initial five years) in direct funds to CBiRC, primarily for 
administrative and education program management costs (this excludes REU and RET costs, 
which are budgeted entirely on ERC funds).  In addition to this significant financial commitment, 
ISU has committed to hire five new faculty members who will contribute to the Center over the 
life of the Center.  It has also agreed to permanently waive indirect costs on the Center’s industry 
membership fees.  Finally, ISU has agreed to provide substantial space for the Center.  
Construction is very nearly complete on the 33,000 square foot, $32 million Biorenewables 
Research Laboratory (BRL) Building on the ISU campus.  In mid-April, 2010, the Center’s 
administrative offices will move into ~1,000 square feet of new office space in the building.  The 
offices will provide contiguous space for the Center Director, Administrative Director, Industrial 
Liaison Officer, Pre-college Education Program Director, and support staff.  The Center will also 
have access to conference rooms with high-tech audiovisual and telecommunication capabilities.  
In addition, CBiRC will have activities in at least 9,000 square feet of the new building through 
reactor, fermentation, and metabolomics research facilities and new faculty laboratories.  This 
new space will provide a centralized focal point to complement the extensive space available in 
individual faculty laboratories across the Center’s campuses. 
Fig. 5.4.1.  Photo of the BRL building, new home of CBiRC (courtesy of MaryAnn Sherman). 
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To facilitate interactions across its partner campuses, the Center continues to rely heavily on 
the state-of-the-art communications capabilities available through ISU Engineering Distance 
Education, which offers a comprehensive suite of tools for enabling collaboration.  The same 
advanced communications technologies and virtual labs and classrooms developed for the 
distance education online instructional programs are used to support the CBiRC faculty from all 
partnering institutions to enable the collaborative research and educational programs at the heart 
of the Center.  We now conduct near monthly center-wide meetings that use a web-conferencing 
system to facilitate cross-campus communication.  The system employs Adobe® Acrobat® 
Connect™ and Premiere Global Services, a teleconferencing system, for recordable visual and 
audio content.  [Adobe® Acrobat® Connect™ is the next generation of web-conferencing 
software that enables individuals and small businesses to instantly communicate and collaborate 
through easy-to-use, easy-to-access online personal meeting rooms.  Attendees can connect from 
any remote location using a computer equipped with compatible Internet browser, web camera 
and microphone.]  The ISU Center members meet in one location during this meeting (namely, a 
high-tech Engineering Distance Education classroom).  The individual thrusts, IAB, SLC and 
Leadership Team also meet on at least a monthly basis, and these groups have all successfully 
used the same system. 
The Center has also developed a secure Microsoft SharePoint (Intranet) site that is hosted and 
maintained by Engineering Computing Support Services at ISU.  This site further facilitates 
information exchange/document sharing and serves as a central warehouse for data collection 
and storage. 
 
5.4.2. Supporting a Cross-Disciplinary, Team Culture 
 
CBiRC believes that the necessary initial condition required to create a cross-disciplinary, 
team culture is to have a clear vision for the Center, so that Center members can clearly see 
where their efforts fit.  However, having a clear vision is not sufficient to productively engage 
faculty and students who are members of the Center.  The productive engagement of Center 
members comes from agreement on the vision for the Center.  The development of CBiRC began 
with the vision, so faculty who were invited to participate knew what the Center was trying to 
accomplish.  In this way, the faculty members that agreed to join the Center were necessarily 
agreeing to the guiding vision.  With the establishment of the vision and appropriate 
membership, the objective has turned to developing an effective team culture. 
The seamless flow of information across the CBiRC members, faculty and students, is 
critically important for fostering a cross-disciplinary, team culture.  Key components of creating 
this information flow are establishing formal mechanisms as well as the informal mechanisms 
that will facilitate it.  The formal mechanisms have largely been discussed above and include 
membership and confidentiality agreements, regular meetings of the CBiRC membership at semi-
annual site meetings and monthly Adobe Connect meetings, regular thrust-specific meetings 
using Adobe Connect, cross-disciplinary expertise residing in all of the research thrusts, and a 
management structure that engages faculty from across the membership institutions.  While these 
formal mechanisms provide a framework for information sharing, the informal mechanisms will 
be required for the information to be effective. 
The most effective informal mechanism for information sharing is through the students who 
are performing the research.  We have intentionally invited faculty with complementary 
expertise and capabilities to participate in CBiRC.  Unlike a single investigator grant in which the 
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student primarily works in the major professor’s laboratory, CBiRC students have access to the 
expertise and laboratory capabilities residing with the entire CBiRC faculty.  Therefore, the 
project constraints for the students will move from making use of what resides in their individual 
laboratory to their creativity in utilizing the full expertise and capability across CBiRC.  The 
reward for the CBiRC students as well as faculty is the opportunity to do research that would not 
otherwise be possible in the absence of CBiRC.  Examples of unique opportunities for CBiRC 
students are Webinars that are being used in Thrust 2 to provide direct exposure to broader 
metabolic engineering concepts than would normally be possible and the upcoming chemical 
catalysis for biorenewables workshop to be held in Germany in August that will include a large 
number of CBiRC students.  We believe that these activities that are possible due to the existence 
of CBiRC are viewed by the students as a reward for being an actively contributing member of 
the Center. 
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 5.5. Evaluation and Assessment 
 
5.5.1 Program Overview 
 
The evaluation of CBiRC is based on the Center’s goals and objectives within the three research 
thrust areas and goal areas for education, industrial collaboration and innovation, and diversity. The 
evaluation is conducted by the Research Institute for Studies in Education (RISE) at Iowa State 
University and supported by the Center for Excellence in Learning and Teaching (CELT) at ISU. 
A theoretical framework of CBiRC evaluation is grounded on the CIPP model, which stands for 
contexts, inputs, processes, and products (Stufflebeam, 2003)1
 
. The CIPP model is a comprehensive 
evaluation framework for guiding formative and summative evaluation activities.  It is widely used 
in the context of research, education, and outreach program evaluation. It provides both a systematic 
and systemic way of examining various aspects of project implementation. Table 5.5 depicts key 
aspects of CBiRC operation and environment within the four components of the CIPP evaluation 
model. 
Table 5.5.  Evaluation model—CIPP (Context, Input, Process, and Product). 
Context Input Process Product 
Partnership  
National 
International in scope 
(partners include 
universities, schools, and 
industry) 
 
Innovation 
 
Organizational factors and 
change 
 
Diversity 
 
Multidisciplinary/trans- 
disciplinary 
research/education/ outreach 
University faculty  
 
Undergraduate and 
graduate students 
 
School partners and 6-12th 
grade teachers and 
students 
 
Industry members and 
partners  
 
University partners 
 
Minority faculty and 
students 
Curriculum development 
and implementation 
 
Mentoring 
 
Partnership 
 
Project management 
 
Accountability 
 
Capacity building 
 
Research experiences 
 
Industry internships 
 
International experiences 
Educational modules/ 
curriculum 
 
A new cadre of 
engineers and scientists 
 
Interdisciplinary 
graduate minor 
 
Entrepreneurship skills 
and opportunities 
 
Research findings, 
patent applications, and 
publications 
 
Extramural funding 
 
Sustainability 
 
The evaluation provides formative and summative information by utilizing a broad range of 
methods and data collection at multiple points of a specific program implementation. Evaluation 
methods include pre-, mid-, and end-of-the program and 6-month follow-up surveys, one-to-one 
interviews, focus group discussions, longitudinal tracking of students’ involvement in research, and 
SWOT analysis template. Key data sources include Center directors and research and program 
leaders, students (undergraduate and graduate), postdoctoral research associates, faculty and 
scientists, 6-12th grade teachers and students, industrial members and partners, mentors, and project 
records. 
                                                          
1 Stufflebeam, D. L. (2003).  The CIPP Model for Evaluation.  Paper presented at the 2003 Annual Conference of 
Oregon Program Evaluators Network, Portland. 
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 The primary focus of the evaluation is on activities related to the pre-college, university, and 
international educational programs, industrial collaboration and innovation, and diversity. Annual 
plans of activities by these areas inform the evaluation. The evaluation will also examine essential 
elements of Center operation, research, partnerships, and sustainability.  The evaluation will not 
attempt to evaluate the quality of research efforts in the three research thrust areas. It is assumed 
that acceptance for publication, presentation, or patent application represents sufficient evidence of 
project research goal attainment. 
Evaluation deliverables will include annual evaluation reports, interim evaluation reports, and 
survey, interview, and focus group instruments and protocols. The evaluation plan is meant to be 
flexible and responsive to changes in project activities and direction. The evaluation plan will be 
finalized annually and undergo a continuous review throughout the year to address emerging needs.  
Timelines for submission of materials and reports will be determined by conduct of evaluation 
activities and Center and Federal reporting guidelines. 
An evaluation plan and timeline for the first year of Center operation (December 2008 – August 
2009) are included as Tables 5.5a and 5.5b, respectively. An evaluation plan and timeline for the 
second year of Center operation (September 2009 – August 2010) are also included as Tables 5.5c 
and 5.5d. The plan and timeline guide evaluation activities and are subject for continuous review 
and modifications to align evaluation questions with program objectives. All evaluation activities 
have been approved by the Office of Responsible Research, Humans – Institutional Review Board 
(IRB) at Iowa State University (IRB number 09132, exempt). Two copies of the IRB approval are 
provided in Appendix II.3; one for the Young Engineers Program that involves minors, and the 
second for all other evaluation activities that do not include minors (e.g., REU students, RET 
participants, CBiRC students and postdoctoral research associates, faculty, scientists, program 
leaders, and center director and administrative director). 
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 5.5.2. Progress to Date (March 2009 to February 2010) 
 
The evaluation team established regular meetings with the leaders for university education, pre-
college education, industrial collaboration and innovation, diversity programs, and center director 
and administrative director. The meetings focused on discussing evaluation objectives, questions, 
design, instruments development and administration, data analyses, and interpretations. Description 
of specific evaluation activities, methods, and deliverables during the period March 2009 to 
February 2010 is provided in Table 5.5e. 
 
Educational Outreach and Information Dissemination Activities 
RISE evaluators were co-authors on two posters presented at the February 2010 EEC meeting in 
Reston, VA. The two posters highlighted the CBiRC university education program and the CBiRC 
pre-college program. In addition, in January 2010, RISE evaluators in collaboration with the 
program leader for the pre-college program submitted an application for a paper presentation titled 
“Conceptually-focused design and implementation of evaluation of a professional development 
program for science teachers at an NSF engineering research center” for the Eastern Evaluation 
Research Society (EERS). The paper was accepted and will be presented at the EERS annual 
conference, April 18-20, 2010, in Absecon, NJ.  A copy of the abstract is provided below. 
 
EERS Paper Abstract 
Title: Conceptually-Focused Design and Implementation of Evaluation of a Professional 
Development Program for Science Teachers at an NSF Engineering Research Center 
Format:  Individual presentation 
Presenters: 
• Mari Kemis, Assistant Director, Research Institute for Studies in Education, Iowa State 
University 
• Adah Leshem-Ackerman, Ph.D., Pre-College Education Program Director, NSF Engineering 
Research Center for Biorenewable Chemicals (CBiRC), Iowa State University 
• Elena Polush, Postdoctoral Research Associate, Research Institute for Studies in Education, 
Iowa State University 
Abstract: 
In this presentation, the authors focus on the evaluation of a STEM educational initiative.  They 
demonstrate how defining a multi-year STEM educational program’s conceptual areas (a) 
contributes to methodological rigor of evaluation design and implementation and (b) enables 
reflection on actions and progress made to understand opportunities and challenges, resulting in 
refinement of the evaluation process for estimating impact.  The presentation describes the 
evaluation of the NSF Engineering Research Center for Biorenewable Chemicals (CBiRC) program 
of professional development for science teachers in grades 6-12. 
The authors (a) outline the process of designing a two-year evaluation and present a model with 
emphasis on rationale and choices of methodological approaches and (b) highlight the first-year 
program evaluation results.  The program goals are to provide a laboratory-based experience that 
helps teacher-participants develop or refine their skill in three conceptual areas — teaching 
philosophy, pedagogy, and content knowledge consistent with inquiry-based science instruction in 
the classroom.  These conceptual areas guide planning and implementation of the program’s 
activities and the evaluation. 
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 The evaluation utilizes a mixed-method approach to the design, data collection and analysis, and 
interpretation.  A heuristic model depicts an overall integrated design and four phases of the 
program implementation, grounded on a combination of concurrent and sequential mixed-method 
designs.  Specific methods included pre- and post-surveys, weekly reflections, and focus group 
interviews. 
First-year key findings included teachers thinking differently about the way they teach and the 
way students learn, advancing their knowledge of scientific inquiry and gaining confidence working 
in research settings, and using problem solving and inquiry-based activities in classrooms. 
Using an integrated mixed-method design balances evaluators’ and participants’ emerging 
perspectives on experiences within three conceptual areas in the program and allows more complete 
examination of the program’s potential effects on participants.  This evaluation framework provides 
a practical example of evaluating STEM educational programs. 
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 5.5.3. Plans for Assessment/Evaluation (February to August 2010) 
 
A description of evaluation activities, methods, and deliverables during the period March to 
August, 2010, is provided in Table 5.5f.  An overarching conceptual framework of evaluation 
design is grounded on mixed methods approach (Creswell, 2008) to data collection, analysis, and 
interpretation.  Quantitative and qualitative methods provide different perspectives to describe and 
assess an activity (situation) and generate more evidence to enhance understanding and examination 
of the value of the program (activity, course) to the participants (students, teachers), i.e., program 
potential outcomes and impact (e.g., perceived changes in teachers’ science content/pedagogy [RET 
and SA programs]; perceived effects of the research experiences by the REU students and their 
mentors [triangulation]; perceived learning gains by students in the CBiRC minor graduate courses). 
Further, the CBiRC “All Student” survey is part of the center-wide evaluation cohort-type 
longitudinal study.  The purpose of the survey is to assess potential effects of participation in 
CBiRC research on students’ research experiences and knowledge in the area of biorenewable 
chemicals, engagement in CBiRC, and career paths.  Students and postdoctoral research associates 
in all CBiRC institutions are invited to respond to the survey.  The survey cohort is defined as a 
group of students who joined the CBiRC research in the same semester.  Survey cohort-based 
longitudinal data will be developed in collaboration with the center director, center administrative 
director and the program leader for the university education program to study trends in students’ 
understanding of CBiRC and involvement in the CBiRC community, research experiences and 
activities, and academic and career paths.  Starting the second year with continuation, the survey 
will be administered annually at the end of the spring semester (April). 
In addition, to strengthen the alignment between university education program expected 
outcomes and activities, the evaluation team proposed a Delphi study with the CBiRC faculty.  The 
purpose of the Delphi study will be to determine key characteristics and educational (learning and 
experiential) activities for producing creative, innovative, and adaptive students within the CBiRC 
context.  A two-round Delphi survey will be used.  The Delphi survey instruments will be 
developed in collaboration with the university education program leader and center director.  The 
study will be conducted in the Spring semester of 2010.  The results of the study will be used to 
refine the CBiRC “All Student” survey and the REU evaluation instruments. 
The evaluation team will continue weekly meetings with the leaders for the university and pre-
college education programs.  The evaluation team will also meet regularly with the leaders for 
diversity and industrial collaboration and innovation programs, and center and administrative 
directors. 
 
Educational Outreach and Information Dissemination Activities 
As mentioned above, a paper titled “Conceptually-Focused Design and Implementation of 
Evaluation of a Professional Development Program for Science Teachers at an NSF Engineering 
Research Center” will be presented at the Eastern Evaluation Research Society (EERS) annual 
meeting, April 18-20, 2010, in Absecon, NJ.  Following the presentation, the paper will be revised 
in light of the conference participants’ feedback and submitted for the American Journal of 
Evaluation for publication.  Further, an article based on the REU two-group design findings 
(Summer 2009 and Summer 2010 programs) will be developed late Fall 2010 to Spring 2011 and 
submitted to either the American Journal of Evaluation and/or one of the engineering education 
journals (TBD). 
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5.5.4. Evaluation Reports (Executive Summaries) 
 
Interviews with CBiRC Leadership Team Members (Fall 2009) 
Process is one of the key emphases of the CBiRC evaluation; the other emphasis is outcome 
and impact evaluation.  Process evaluation examines the activities implemented and the 
decisions made to describe how the Center operates during a given year.  The primary focus of 
the process evaluation is on center administration, university and pre-college education, 
industrial collaboration and innovation, and diversity programs.  CBiRC process evaluation is 
guided by the questions: “What are the aspects of the CBiRC effective collaboration?” and 
“What are the specific collaborative challenges?”.  To learn about CBiRC collaborative 
processes, interviews with the members of the Center’s leadership team are employed.  The 
interviews are conducted annually.  To describe the Center’s operation during the period of 
March to December 2009, structured one-on-one interviews were conducted with leaders for the 
university education program, pre-college education program, diversity program, industrial 
collaboration and innovation program, and the administrative director, deputy director and 
Center director at the lead institution.  The interviews focused on goals, accomplishments, 
challenges, and interactions, including plans for the upcoming year pertaining to center-wide 
operation and programmatic areas. 
The participants’ perspectives about the CBiRC collaboration focused on organizational 
(e.g., infrastructure), technologic (e.g., communication), psychological (e.g., willingness to 
disclose intellectual capabilities), interpersonal, and research-related (individual vs. team 
research orientation) factors that influenced the Center’s first year operation.  Specifically, 
established leadership teams and shared vision by the CBiRC community (faculty, staff 
members, and students), including continued focus on tasks and goal attainment appeared to 
have been critical and to have contributed to a successful establishment of the Center’s 
infrastructure (i.e., organizational structure and personnel).  Utilization of various 
communication approaches and resources helped to establish and facilitate an on-going 
interaction. 
The members’ attitude toward collaboration plays a significant role.  A good level of mutual 
respect and general satisfaction with how the Center is organized was acknowledged.  A strong 
perception of collegiality contributed to cohesiveness of the teams.  The Center is perceived as a 
community of people working together toward achieving the greater common goal.  There is an 
understanding that “the whole is greater than the sum of its parts,” i.e., what could be 
accomplished by working together throughout the process of a scientific discovery is most likely 
greater than by doing it individually.  The Center’s members are “enthusiastic and energized” 
about working collaboratively and addressing challenges as they arise.  They engage in group 
processes (i.e., within and across research thrusts and programs teams) related to the Center’s 
research and development, educational, industrial partnership and innovation, and diversity 
goals.  The level of comfort with cross-disciplinary communication among the CBiRC members 
is increasing.  However, because members’ experiences with collaboration vary, Center 
leadership that is sensitive to these differences and individual member’s willingness to “expose 
one’s intellectual capabilities” to the others most likely will be necessary to overcome the 
existing barriers nested within the current system that rewards individual research orientation and 
to support collaborative integration. 
The important events included establishing and developing regular meetings (i.e., leadership 
team, technical teams, and center-wide meetings); organizing the Center’s first annual meeting; 
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reaching out to 130 companies and inviting them to join the annual meeting; conducting inter-
thrust meetings (Thrusts 1 and 3); applying for and receiving two supplemental awards 
(e.g., NCTAF PLC and REU) and a GK-12 grant from NSF; conducting inaugural Summer 2009 
REU, RET, and Summer Academy programs; developing the CBiRC graduate minor; 
collaborating with the CBiRC partner institutions on the RET and REU programs; and involving 
CBiRC in the College of Engineering Diversity Fair. 
The specific collaborative challenges were associated with understanding the importance of 
working with teams and seeing benefits of the interdisciplinary collaboration (e.g., strengthened 
research agenda, enhanced rigor and impact of scientific studies, and expanded dissemination 
opportunities); taking a stronger ownership of the Center’s communication by its members; 
focusing research targets; and expanding the Center’s vision for diversity.  Areas for continued 
work and improvements include establishing the center-wide comprehensive database; 
strengthening the CBiRC community; improving communication; fostering collaboration among 
members of the research teams; creating the Center’s patent portfolio; and integrating diversity 
into the Center’s research and education. 
Critically reflecting on accomplishments and challenges is an important part of the learning 
process of working collaboratively toward the common goal within the Center’s established 
infrastructure.  A shared sense of “having a family and having a community” makes the 
experiences meaningful.  The meaningful progress toward accomplishing the Center’s first-year 
goals is evidenced by the participants’ shared experiences with and perspectives on leading this 
initiative. 
 
2009 CBiRC All Student Survey 
The CBiRC “All Student” survey, distributed to 67 CBiRC students (undergraduate and 
graduate students and postdoctoral research associates) in all partner institutions in June 2009, 
aimed at gaining an understanding of potential effects of participation in the CBiRC research 
projects on students’ (a) research experiences and knowledge in the area of biorenewable 
chemicals, (b) engagement in CBiRC, and (c) career paths.  This report presents findings from 
the first cohort of students who started their CBiRC research projects in the Spring semester of 
2009. 
Responses to the CBiRC “All Student” survey were received from 36 students and 
postdoctoral research associates, which comprised a 53.7% response rate.  Student groups 
represented in this study included undergraduate (n=1), doctoral graduate (n=27), and 
postdoctoral research associates (n=8).  Twenty-nine were female (n=10) and 71% were male 
(n=24).  The ethnic breakdown was Asian (n=12), Black or African American (n=1), Hispanic or 
Latino (n=5), White (n=15), and Other (n=1).  Students responding were from each partner 
institution: Iowa State University (n=19), Rice University (n=2), Salk Institute for Biological 
Studies (n=1), University of California – Irvine (n=3), University of Michigan (n=1), University 
of New Mexico (n=2), University of Virginia (n=6), and University of Wisconsin (n=2).  Key 
results of the survey follow. 
While working on CBiRC projects, 75% conducted experimental research work, 33% 
performed computational research work, 42% mentored an undergraduate student, and 53% 
presented a poster.  As a result of involvement in CBiRC research, 97% fostered their critical 
thinking, 93% refined their understanding of fundamental principles (e.g., engineering, 
chemistry, biochemistry, etc.), and 80% became more comfortable tinkering in the lab.  Almost 
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all respondents (94%) gained a better appreciation of collaboration and enhanced their 
collaborative skills. 
Thirty-four of 35 (97%) respondents agreed that their involvement in CBiRC helped them see 
the potential for both chemical and biological catalysis for the production of biorenewable 
chemicals.  Thirty of 35 (86%) respondents agreed that their involvement in CBiRC (1) helped 
them understand the importance of economic constraints on engineering decisions and the 
potential environmental impact of their work, and (2) provided them with opportunities to 
engage in learning about broader issues of sustainability and to work in an interdisciplinary 
research setting. 
Most respondents felt that they were members of the CBiRC community.  Collaboration in 
large research and exposure to interact and network with a diverse group of students and 
scientists outside one’s own discipline was regarded by respondents as the major benefit of 
participating in the CBiRC interdisciplinary and cross-university research. 
A majority of the respondents (86%) were interested in continuing to work on their current 
CBiRC research projects.  CBiRC research undergraduate experience had a positive effect on the 
undergraduate student’s interest in pursuing an advanced degree in chemical engineering.  
Graduate students and postdoctoral research associates indicated their interest in careers in 
academia (teaching and research) and research and development (R&D) opportunities in industry 
and national research labs (governmental institutions) in the field of biorenewables. 
 
Summer 2009 CBiRC Research Experiences for Undergraduates (REU) Program 
Two strategies for evaluation data collection and analysis were used: (1) the REU students’ 
self assessment of the program’s potential effects on advancing research skills, learning about 
CBiRC, and understanding of career choices, and (2) mentors’ perspectives on mentoring 
experiences and the REU students’ accomplishments.  A total of seven students completed the 
program.  A total of six valid responses were received to the pre-, mid-, and end-of- program 
paper and pencil surveys.  Three students were female and three students were male.  Further, six 
of seven REU students responded to the six-month follow-up online survey.  A total of nine REU 
mentors participated in one-on-one interviews at the end of the program.  Four mentors were 
graduate students and five were faculty. 
While participating in the Summer 2009 REU program, students enhanced their research and 
interpersonal skills.  In particular, at the end of the program students either agreed that they 
(a) could apply knowledge from different areas to solve a current problem, (b) became 
comfortable tinkering in the lab, (c) could effectively apply the scientific method and develop a 
procedure to address a research problem, (d) were good at analyzing and interpreting data 
generated from analytical procedures, (e) understood ethics that applied to their disciplines, and 
(f) had a good idea of the type and depth of information that should be included in a research 
report.  Further, at the end of the program all students strongly agreed that they saw the potential 
for both chemical and biological catalysis for the production of biorenewable chemicals.  Nearly 
all strongly agreed that they had gained a good understanding of career choices and graduate 
degree options in their field of studies.  All students felt to a great extent that they were part of 
the CBiRC community and indicated their continued interest in research. 
The graduate student mentors indicated that the REU mentorship provided the opportunity to 
gain teaching experiences, improve communication skills, interact in a caring environment, 
support the REU student gaining ‘real world’ experiences, and help the REU student to become 
his/her individual best.  Faculty mentors acknowledged benefiting from having undergraduate 
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students working in the labs and interacting with graduate students, and seeing growth in the 
REU students’ learning about lab procedures and new techniques, conducting research 
experiments, working independently, contributing to team research, and summarizing and 
presenting the study’s findings.  The opportunity to shape academic path for the undergraduate 
students by integrating them into multidisciplinary research teams and engaging in ‘science on 
the ground’ was rewarding.  Nearly all mentors indicated continuing their interactions with the 
REU students after the program. 
After six months of participation in the program, five of six student-respondents indicated 
their participation in a research project during the Fall semester, 2009, and four were conducting 
CBiRC research.  Students valued all REU program activities as they continued their studies.  
The most valuable REU activities included poster development and presentation, lecture on 
fundamentals of biorenewable resources, hands-on experiences, and mentoring by CBiRC faculty 
and graduate students.  Students also acknowledged that social group events were valuable.  
Students continued building their skills in technical communication, following general safety 
regulations and laboratory procedures, finding and using reference materials, and conducting 
literature research during the Fall semester.  In thinking back, students noted the following key 
benefits from participating in the CBiRC Summer 2009 REU program: gaining research skills, 
working in the lab and learning new techniques, interacting with students and scientists, and 
making the poster presentation. 
 
Fall 2009 CBiRC Young Engineers Program 
The first CBiRC Young Engineers (YE) program was conducted in the Fall semester of 2009.  
Three students from Ames High School were selected to participate in the program.  All three 
students were female. The purpose of the CBiRC YEs program evaluation was to seek insights 
about the students’ and mentors’ perspectives about their experiences and the program’s 
potential effects.  Specifically, this program evaluation was to determine (a) gains in students’ 
learning about the nature of science, and (b) changes in students’ attitudes toward science, 
engineering, and future academic path as perceived by high school student-participants and their 
faculty mentors.  Focus group discussion with students and individual interviews with their 
mentors at the end of the program were used to gather evaluation data. 
Opportunity to work in the lab for a prolonged period of time was one of the main reasons 
students applied for the internship.  Other reasons included learning more about an area of 
research of specific interest (e.g., biorenewable energy, medical research), gaining a better 
understanding of different types of research opportunities, and making an informed decision 
about pursuing a college degree in science and engineering.  Students stated that lab experiences 
helped them understand how scientific concepts are used and applied to solve real problems; 
“think on their feet and use every type of knowledge” that they needed; “see the knowledge in 
practice.”  As a result of participating in the YE program students commented that they gained a 
deeper appreciation for science and scientists; an understanding that science is done by 
‘common’ people; self-confidence in their ability to conduct research; knowledge of different 
fields of science; a better understanding of academic options and research career choices.  
Students mentioned that this research experience inspired them to take additional college-level 
classes.  One student was planning to take an ISU course in chemistry in the Spring of 2010. 
The program offered a unique opportunity for the mentors to guide and shape the high school 
students’ learning, and potentially their future.  Students were engaged in a variety of research 
activities.  Mentors intentionally fostered the development of the students’ interdependent 
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research skills to expand their high school knowledge, explore their continual interest in science, 
and support their making of informed decisions about academic and career choices.  Of the three 
high school students, two will continue their YE program at ISU in the Spring of 2010. 
 
2010 CBiRC Student Seminar Series – Inaugural Seminar 
The purpose of the student seminar series is to foster communication and interaction among 
students across partner institutions.  Organized by the CBiRC Student Leadership Council (SLC), 
the seminars will be offered monthly in a one-hour interactive live and online session.  The intent 
is for students to present their research by using the 3-plane chart as a reference point and obtain 
feedback.  All CBiRC technical members — faculty, postdoctoral research associates, scientists, 
graduate and undergraduate students — will be encouraged to participate in the seminars. 
The student seminars series was launched in the Spring semester, 2010.  The evaluation will 
use a post-seminar online survey to gather student-participants’ feedback about each session. 
The inaugural seminar was conducted on February 17, 2010, utilizing Adobe Acrobat 
Connect web-conferencing software to allow students at all partner institutions to join the 
session.  The seminar originated on the ISU campus (lead institution) with an online link.  The 
purpose of the seminar was to help students gain a better understanding of work by other CBiRC 
students and provide the SLC with recommendations or concerns.  Responses to the evaluation 
survey were received from 12 CBiRC graduate students.  Eight students attended the seminar at 
Iowa State University, and four attended the seminar online.  Two students presented at the 
seminar. 
All students agreed that the seminar helped them learn about research in CBiRC thrust areas 
other than their own.  They expressed their willingness to attend the next seminar.  Most of the 
students stated that the seminar helped them see how their research fit with the research of others 
in CBiRC.  About half of the students saw the seminar as a good opportunity to network and 
learn new ideas that would contribute to their research.  The students thought the most important 
outcomes from the seminar were learning from each other and gaining a better understanding of 
others’ research to foster understanding of a bigger picture and synergy of research efforts; 
enhanced presentation and communication skills; and the exchange of ideas and potential for 
collaboration among students in CBIRC’s multi-disciplinary research environment. 
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Budget Justification 
 
The following information is provided in explanation of the Summary Proposal Budget (NSF 
Form 1030); specifically, those costs that will be supported with NSF ERC base funding.  All 
growth requested in the budget is within the traditional growth trajectory for ERC’s ― which 
projects increases in base support of $250,000 per year up to the fourth year, at which time, 
funding flattens at $4.0 million ― and allows for 3% inflation in salary, fringe benefit, travel, 
and other direct costs. 
 
A.  Senior Personnel 
 
Salary support is requested for faculty who are carrying out the Center’s research and 
eduction strategic plans.  NSF-funded person-months and requested amounts are listed in the 
table below.  [NOTE:  Salaries of the Director, Deputy Director, members of the Leadership 
Team and other senior personnel are being supported by ISU as part of its institutional cost 
sharing and/or by industry through the Center’s member program; these salary amounts are not 
itemized here.] 
 
Name Univ. Title Cal Acad Sumr Requested Amt
Robert P. Anex Assoc. Professor 1.0 $11,907
Julie A. Dickerson Assoc. Professor 1.0 $12,800
Laura R. Jarboe Asst. Professor 1.0 $9,384
Mari R. Kemis Asst. Director, RISE 1.0 9,774
Basil J. Nikolau Professor 1.0 $15,485
David J. Oliver Assoc. Dean/Professor 1.0 $14,442
Brent H. Shanks Professor 1.0 $15,026
Jacqueline V. Shanks Professor 1.0 $11,373
Eve S. Wurtele Professor 1.0 $13,000
Total  9.0 $113,191
 
B.  Other Personnel 
 
NSF funds will also help support the salaries of 6 postdocs, 3 other professionals (research 
and scientific staff), 20 graduate students, 4 undergraduate students and 1 hourly lab technician.  
[NOTE:  Salaries of administrative personnel are also being supported by ISU as part of its 
institutional cost sharing and/or by industry through the Center’s member program.  While 
ordinarily included as part of the F&A cost pool for colleges and universities, administrative 
salaries are budgeted as direct costs on cost share funds because this project requires an 
extensive amount of coordination with the Center’s university and industry partners; data 
collection and management; cost and subrecipient monitoring; technical and programmatic 
reporting; etc.] 
For university faculty and staff, labor costs are projected on the basis of actual monthly 
salaries for the fiscal year ending 6/30/10.  Labor costs for graduate students are based on 
average monthly stipends paid by the participating academic departments at ISU to half-time, 
PhD-seeking graduate research assistants.  Labor costs for undergraduate students are based on 
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average hourly wages paid to engineering students in their sophomore or junior year of study 
(typically $8 to $10 per hour). 
 
C.  Fringe Benefits 
 
At Iowa State University, fringe benefits are specifically identified to each employee and are 
charged individually as direct costs.  These costs are budgeted as a percentage of an individual’s 
salary based on his/her labor category.  Current rates for applicable labor categories are: 
Faculty 28.2% 
Postdocs 20.2% 
Professional & Scientific 34.5% 
Graduate Assistants 13.2% 
Undergraduate Student Hourlies 4.6% 
Hourly (Non-student) 12.0% 
 
D.  Equipment 
 
A total of $20,000 is requested for the purchase of a Multi-mode plate reader with UV-vis 
and fluorescence capabilities for performing microplate-based assays in support of Thrust 1 and 
2 research goals.  The amount requested represents partial costs only, as multiple funding 
sources will be used to purchase this instrument.  It will benefit not only those groups working 
on center-controlled projects, but also those collaborating closely with CBiRC on associated 
projects. 
 
E.  Travel 
 
Domestic (including Canada and U.S. possessions) 
Travel funds are requested for faculty investigators and students to present research results at 
national technical meetings.  Because the sites of these meetings are unknown at the time of 
report submission, destinations and individual trip costs are difficult to itemize.  Additional 
center-related travel funds are also budgeted for SLC members to attend the annual site visit and 
Fall center-wide working meeting and trips by the Diversity Director to regional and national 
NOBCChE and/or SHPE meetings for student recruiting.  Estimated expenses for all domestic 
trips include airfare, lodging, surface transportation, meals, and other miscellaneous expenses 
including registration fees, if applicable.  Airfare, rates for lodging, and shuttle fares are 
estimates based on past trips of a similar nature.  All other travel expenses are reimbursable 
based on actual costs, including meals, which are subject to the University’s standard daily 
allowances (per diem).  For employee out-of-state travel, the daily maximum is $40 (Breakfast - 
$8; Lunch - $12; and Dinner - $20).  Mileage for personal vehicles is reimbursed at the standard 
rate of $0.50 per mile for round trips of less than 100 miles, and $0.285 per mile for round trips 
of greater than 100 miles. 
 
Foreign 
Foreign travel funds are requested for a faculty investigator to present research results at an 
international technical meeting and for the Center Director to visit foreign partner institutions for 
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the purpose of planning collaborative program activities.  Funds for international student 
exchanges/study abroad programs are budgeted on the NSF PIRE grant. 
 
F.  Participant Support Costs 
 
To continue and further promote undergraduate participation in the ERC’s research and 
(university) education programs, the third-year base budget includes a modest increase to 
funding for CBiRC’s Research Experience for Undergraduates (REU) site, as well as for its 
Research Experience for Teachers (RET) site, which supports middle- and high-school teachers 
and G6-12 inquiry-based learning at the ERC’s pre-college partner institutions. 
 
Line-Item 
REU Program 
(12 students* @ 10 wks)
RET Program 
(6 RET; 6 Sum Acad) Total 
Stipends $51,000 $56,900 $107,900
Travel $10,200 $8,255 $18,455
Subsistence $25,800 $6,360 $32,160
Other (Materials) $13,000 $26,085 $39,085
Total Participant Costs $100,000 $97,600 $197,600
* The CBiRC REU program will also be augmented by an REU supplement awarded to Jackie 
Shanks and Basil Nikolau through the NSF EFRI program.  A total of $34,800 is budgeted on 
the EFRI project each year for four years and will permit the participation of 3 or 4 more 
REU students than could otherwise be accommodated through CBiRC’s program alone. 
 
G.  Other Direct Costs 
 
Materials and Supplies 
Funds are requested for the purchase of research and laboratory supplies that are necessary 
and essential for completion of tasks as proposed.  These include chemicals and reagents; 
samples and sample preparation/analysis; glassware and containers (including cylinders and 
compressed gases); calibration standards and expendable equipment for laboratory experiments 
and chemical analyses (e.g., reactors; pumps, valves, and fittings; flow meters; temperature 
controllers; etc.); and hardware, plumbing and electrical supplies for modification of 
experimental apparatus.  Cost estimates for these materials are based on the investigators’ prior 
experience with projects of similar scope and complexity. 
 
Publication Costs 
Publication of research results in scientific, peer-reviewed journals is important to 
maintaining the credibility of any research program and is an expected output of all ERC’s.  
Consequently, funds are requested for publication costs.  Cost estimates include page charges for 
manuscripts and/or reprints in scientific journals, necessary illustrations, and other publication 
and graphics charges. 
 
Subawards 
As described in Section 5 of the report, CBiRC is configured as a multi-university 
partnership.  Accordingly, funds will once again be subcontracted to the Center’s five core 
partner institutions and two collaborating institutions (those contributing affiliated faculty) as 
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shown in the table below.  Since none of the approved subawardees will receive significantly 
more or less in the next award year than in the current year (rather, a 3% inflation factor is 
applied), individual, itemized subaward budgets are not required. 
 
Subawardee Budget Amount
Core Partner Institutions: 
University of California – Irvine $301,118
University of New Mexico $151,539
University of Virginia $303,078
University of Wisconsin – Madison $151,539
W. M. Rice University $313,713
Collaborating Institutions: 
Salk Institute for Biological Studies $176,810
University of Michigan $176,810
Total Subawards $1,574,607
 
Other 
 
Graduate Student Tuition 
At ISU, College of Engineering policy requires investigators to budget in all applications for 
sponsored research, when and where allowable, a minimum 50% of tuition for each M.S. 
candidate and 100% for each Ph.D. candidate.  For purposes of this request, a full 12 months of 
tuition (Fall, Spring and Summer terms) has been applied for each Master’s or Doctoral student 
working on Center-controlled projects. 
 
Services 
Included here are craft and machine shop service fees for fabrication/assembly of the 
experimental apparatus; fees for analytical services and laboratory analyses; and other general 
operating expenses, e.g., IT/computer and network services, communications and marketing 
services, printing and copy services, postal and parcel, etc.  At Iowa State, in-house service and 
facility user fees are based on established, university-approved rates (in most cases, hourly or 
daily rates) or are charged on a per-unit or per-sample basis, depending on the type and extent of 
service performed.  [NOTE:  While ordinarily included as part of the F&A cost pool for colleges 
and universities, administrative expenses such as copying and postage are requested as direct 
costs (most of which will be borne on institutional cost share funds) because this project requires 
an extensive amount of coordination with the Center’s university and industry partners; data 
collection and management; cost and subrecipient monitoring; technical and programmatic 
reporting; etc.] 
 
Meetings and Conferences 
Expenses for meals and coffee breaks during meetings and conferences are generally 
allowable on Federal funds as long as business is transacted, and these costs have been 
specifically and clearly identified in the scope of work and budget.  The Center’s annual site visit 
in May and center-wide working meeting in October are events where meals and coffee breaks 
are an integral and necessary part of the program, since these are extramural meetings held over 
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several days and bring together attendees from remote sites (e.g., the NSF site visit team, faculty 
and students from partner and affiliate institutions, industry members, scientific advisory board 
members, etc.) for the express purpose of collaboration, information exchange and networking.  
Hence, these costs, as well as related conference facilities and meeting services (provided by ISU 
Conference Planning & Management), publications costs, and travel allowances for speakers are 
budgeted.  Nearly all of these types of expenses will be borne on institutional cost share funds, 
however, and, all costs charged accordingly will be reviewed for reasonableness and allocability 
to the supported activity. 
 
I.  Indirect Costs 
 
The pre-determined, DHHS-approved indirect cost rate in effect at the time of award ― 
namely, 46.5% for organized, on-campus research ― continues to apply.  This rate is assessed to 
Modified Total Direct Costs (MTDC), which consists of all salaries and wages, fringe benefits, 
materials, supplies, services, travel, and the first $25,000 of each subaward or subcontract 
(regardless of the period covered by the agreement).  MTDC excludes equipment, capital 
expenditures, charges for patient care, tuition remission, rental costs of off-site facilities, 
scholarships and fellowships, as well as the portion of each subaward or subcontract in excess of 
$25,000.  [NOTE:  Pursuant to the NSF Proposal and Award Policies and Procedures Guide 
(NSF 10-1), indirect costs are generally not allowed on Participant Support Costs.  However, 
special instructions for treatment of Participant Support Costs for REU and RET programs state 
that indirect costs are allowable, but on stipends only, and at the predetermined rate of 25%.] 
 
M.  Cost Sharing 
 
As referenced in the Cooperative Agreement, and as a condition of award, Iowa State 
University agrees to provide cost sharing in the amount of $600,000 per year for a five-year total 
of $3,000,000.  No Federal funds will be used to meet the University’s cost sharing obligation.  
Further, the amount of cost sharing will be documented on an annual and final basis and certified 
by the University’s AOR through FastLane. 
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 APPENDIX I.  GLOSSARY AND ACRONYMS 
 
Provided below is a list of acronyms used in the annual report and their associated meanings. 
 
Symbol Definition/Meaning 
2-D DIGE  2-D Fluorescence Difference Gel Electrophoresis  
AACT Acetoacetyl-CoA Synthetases 
ACC Acetyl-CoA Carboxylase 
AcCbx Acyl-CoA Carboxylases 
ACP Acyl Carrier Protein 
ACS Acetyl-CoA/Propionyl-CoA Synthetases 
AEA Area Education Agency 
BRL Biorenewables Research Laboratory 
CAZy Carbohydrate Active EnZyme database 
CBiRC NSF Engineering Research Center for Biorenewable Chemicals 
CELT Center for Excellence in Learning and Teaching 
CIPP Context, Input, Process, and Product 
CoASH Cofactor Coenzyme A 
DHMTHF Dihydroxymethyltetrahydrofuran 
DMF Dimethylfuran 
DSMPSD Des Moines Public School District 
DTU Technical University of Denmark 
ERC Engineering Research Center 
FAS Fatty Acid Synthase 
FOSS Full Options Science Systems 
HMF 5-hydroxymethyl-2-furfural  
HMTHP 2-(hydroxymethyl)tetrahydropyran 
IAB Industrial Advisory Board 
IP Intellectual Property 
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 ISU Iowa State University 
KAS III 3-ketoacyl synthetase III 
KS Ketosynthase 
LCA Life Cycle Analysis (or Assessment) 
MFA Metabolic Flux Analysis 
MKS Methylketone Synthase 
MSI Minority Serving Institution 
NCTAF National Commission on Teaching and America’s Future 
NOBCChE National Organization for Black Chemists and Chemical Engineers 
NSF National Science Foundation 
NSTA National Science Teacher Association 
PCR Polymerase Chain Reaction 
PIRE Partnership in International Research and Education 
PKS Polyketide Synthase 
RET Research Experience for Teachers 
REU Research Experience for Undergraduates 
RISE Research Institute for Studies in Education 
SAB Scientific Advisory Board 
SELEX High Throughput Strategies based on Evolutionary Methods 
SIMKS2 Methylketone Synthase Gene 
SLC Student Leadership Council 
SWOT Strengths, Weaknesses, Opportunities, Threats 
TE Thioesterase 
UCI University of California - Irvine 
U-NM University of New Mexico 
UVa University of Virginia 
VEC Virtual Education Center 
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
Full Member Agreement 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University of 
Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through and on behalf 
of the members of its Center for Biorenewable Chemicals (“CBiRC”), each company that participates as a full 
member and signs a copy of this Agreement (“Full Member”), and the Cooperators defined below. ISU, Full 
Members and Cooperators together are the “Parties” and ISU, each Full Member, and each Cooperator are 
each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has joined 
together with committed subrecipient entities including the Regents of the University of New Mexico, The 
Rector and Visitors of the University of Virginia, the University of California-Irvine, University of Wisconsin-
Madison, and Rice University (individually a “Cooperator”; in any combination “Cooperators”) to establish 
the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering Research Center (“NSF ERC”), at 
ISU for the purpose of developing a platform to produce commodity and specialty chemicals from renewable 
carbon; and 
 
WHEREAS, ISU, Full Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Full Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
1. CBiRC 
1.1  The CBiRC shall be implemented, managed, and administered by designated faculty and staff at ISU and 
within CBiRC. At the discretion of the CBiRC director, any organization may become a Full Member of 
CBiRC, and additional Cooperators, Strategic Members and Full Members (as defined below) may be 
added at any time. 
 
1.2 The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative from 
each Full Member and each Strategic Member. The function of the IAB shall be to provide advice to the 
CBiRC consistent with the aims of the NSF ERC program, including guidance on strategic direction, 
research activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
2. Membership 
2.1 A Full Member is a company that signs this Agreement and makes a payment in accordance with the 
following schedule.  
2.1.1 $50,000 for a company with at least 500 employees, or 
2.1.2 $25,000 for a company with less than 500 and more than 60 employees, or  
2.1.3 $5,000 for a company that has less than 61 employees and more than 10, or 
2.1.4 $1,000 for a company that has not completed an IPO and has less than 11 employees. 
 
2.2 A “Strategic Member” is a company that signs a strategic member Agreement which would be 
substantially in the form of this Agreement except for membership fees, which may be cash and/or in-
kind payments and intellectual property rights. 
 
2.3 The CBiRC Director shall have discretion to make exceptions to this Article 2. 
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2.4 Payment shall be made within thirty (30) days after the execution of this Agreement. This Agreement 
shall be the invoice for the first year of being a Full Member. Full Member shall be invoiced on or about 
the Effective Date each year thereafter. Payment is due within thirty days (30) of Effective Date of each 
subsequent year or receipt of invoice by ISU, whichever is later. Payment shall be sent by Full Member to 
Sponsored Programs Accounting Office, 3609 Admin. Services Building, Iowa State University, Ames, 
Iowa 50011-3609 and made payable to ISU (stub should state “CBiRC Full Membership”). Full Member 
status shall expire if renewal payment(s) is not made in accordance with this Article 2.  
 
2.5 A Full Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. A Full Member shall be 
entitled to the rights expressly set forth in this Agreement, including but not limited to, representation of 
the Full Member on the IAB as set forth in Article 1 and the rights set forth in Article 3. 
 
3. Publication and Intellectual Property 
3.1  The Parties acknowledge and agree that the goals of the CBiRC may be met by both public disclosure of 
results of CBiRC project activities (“Results”) and by protection of patentable subject matter arising or 
resulting from CBiRC project activities (“Inventions”). Notwithstanding anything to the contrary in this 
Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly disclose the Results 
developed under this Agreement. With consideration of the advice and guidance of the IAB, ISU and 
Cooperators shall reasonably endeavor to balance the timely publication of results with the need to seek 
protection for Inventions. The Parties shall implement a confidentiality agreement promptly upon 
execution of this Agreement, and shall implement other agreements or procedures as needed, to facilitate 
timely review of Results for patentability and for prevention of patent bars caused by premature 
disclosures. 
 
3.2 All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall vest 
with the employer or designated assignee of such investigator(s).  Inventorship shall be determined in 
accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted by the Cooperator 
with which an inventor is associated, or such Cooperator’s designee. In the case of joint Inventions by 
investigators of different institutions, an inter-institutional agreement will be reached – with terms and 
conditions consistent with this Agreement – regarding the management of such joint Inventions and the 
sharing of value therein.  
 
3.3 Subject to the terms and conditions of this Agreement, Full Member shall have a non-exclusive, non-
commercial, royalty-free license under ISU and/or Cooperator(s) Inventions or joint Inventions created 
during the time that Full Member is in paid-up status under this Agreement to use such Inventions for 
internal research and non-commercial use. Such license shall not include the right to make, use, or sell 
products or processes for commercial purposes or to sublicense. Subject to the terms and conditions of 
this Agreement, Full Member shall also have a right to negotiate a commercial, royalty-bearing license to 
make, use, and sell products and processes under such Inventions. This first right to negotiate shall 
extend for one hundred twenty (120) days after disclosure of the Invention to Full Member by ISU 
and/or Cooperator(s). If more than one Full Member of CBiRC requests a license within the same field 
of use, only a fee and/or royalty bearing, non-exclusive license shall be available for that field. If only one 
Full Member desires a license in a field of use, such Full Member shall have the right to negotiate for a 
fee and/or royalty bearing exclusive license in such field of use. Such licenses shall be consistent with 
industry standards and the objectives and mission of the CBiRC. The technology will not be licensed 
outside of the Full Members for a period of one hundred eighty (180) days after disclosure of the 
Invention to Full Member by ISU and/or Cooperator(s).  
 
3.4 At the end of such period of one hundred eighty (180) days, ISU and/or Cooperators shall have the right 
to grant licenses to non-Full Member third parties. For any licenses granted to non-Full Member third 
parties, ISU and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms and 
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conditions of such licenses shall be on terms no more favorable than terms and conditions offered to 
Full Members for similar licenses.  
 
3.5 The granting of fee and/or royalty bearing licenses to Full Member herein shall be subject to any third 
party rights or restrictions and to the payment of patent costs by Full Member. Full Member shall pay to 
the institution prosecuting the relevant Invention(s) its proportional share, divided equitably among 
licensees, of patent costs of the Invention(s) for which Full Member has elected to take a license.  
 
3.6 EXCEPT AS OTHERWISE MAY BE EXPRESSLY SET FORTH IN THIS AGREEMENT, 
INVENTIONS ARE LICENSED “AS IS” WITHOUT ANY EXPRESS OR IMPLIED 
WARRANTIES WHATSOEVER.  ISU AND COOPERATORS MAKE NO REPRESENTATION, 
NOR EXTEND ANY WARRANTIES OF ANY KIND, EITHER EXPRESS OR IMPLIED, AND 
ASSUME NO RESPONSIBILITY WHATSOEVER WITH RESPECT TO USE, SALE, OR OTHER 
DISPOSITION BY FULL MEMBER OR ITS VENDEES OR OTHER TRANSFEREES OF 
PRODUCTS INCORPORATING OR MADE BY USE OF INVENTIONS LICENSED UNDER 
THIS AGREEMENT. 
 
4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by the 
author of such materials or his/her designee. 
 
5. Use of Names 
Except as required by law, no party shall use the name, logos, marks, emblems and designs (“Mark”) of ISU, 
a Cooperator, Strategic Member, or Full Member in any publicity or advertisement, whether with respect to 
this Agreement or any other related matter, without the prior written approval of an authorized representative 
of the owner of the Mark. Acknowledgement of funding or participation in CBiRC in a factual statement shall 
not be considered to be publicity or an advertisement and shall not be restricted by this requirement. 
 
6.  Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing delivered by 
first class mail or facsimile to the following: 
 
Iowa State University 
Laura Carabillo 
Manager, Industry Contracts 
1138 Pearson Hall 
Ames, IA  50010 
515-294-5225 
lec@iastate.edu 
 
7.  Independent Parties 
For purposes of this Agreement, ISU, Cooperators, Full Members and Strategic Members shall be 
independent contractors, and none shall at any time be considered an agent or an employee of the other. No 
joint venture, partnership or like relationship is created among ISU, the Cooperators, Full Members or 
Strategic Members by this Agreement. 
 
8.  Indemnification 
Full Member shall indemnify, defend and hold Cooperators and ISU, including each of their trustees, Full 
Members and Strategic Members, officers, directors, employees, students, affiliates, inventors, and authors, 
harmless against any and all claims, proceedings, demands, liabilities, and expenses, including legal expenses 
and reasonable attorneys fees, arising out of the death of or injury to any person or persons or out of any 
damage to property and against any other claim, proceeding, demand, expense and liability of any kind 
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resulting from Full Member’s activities under this Agreement, use of results of this Agreement, and/or the 
production, manufacture, sale, use, lease, consumption or advertisement of products of Full Member and/or 
its affiliates arising from any license right of Full Member hereunder. 
 
9.  Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject matter 
hereto and supersedes all previous agreements written or otherwise.  This Agreement may be amended only 
in writing by an authorized signatory on behalf of the Parties.  
 
10.  Signatures  
This Agreement may be executed in any number of counterparts, including facsimile or scanned PDF 
documents.  Each such counterpart, facsimile or scanned PDF document shall be deemed an original 
instrument, and all of which, together, shall constitute one and the same executed Agreement. 
    
Iowa State University of Science and Technology 
 
Agreed by 
 
__________________________________/_____________ 
Name: Brent Shanks       Date 
Title: Professor and Director, CBiRC 
 
Approved by 
 
__________________________________/_____________ 
Name: Laura Carabillo       Date 
Title: Manager of Industry Contracts 
 
 
Full Member Company: 
 
 
Approved by 
 
__________________________________/_____________ 
Name:           Date 
Title:    
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Iowa State University 
 
Center for Biorenewable Chemicals (CBiRC) 
 
Strategic Member Agreement 
 
 
This Agreement is made _______________ (“Effective Date”) by and among Iowa State University of 
Science and Technology (“ISU”) located at 1138 Pearson Hall, Ames, IA 50011-2207 through and on behalf 
of the members of its Center for Biorenewable Chemicals (“CBiRC”), each company that participates as a 
strategic member and signs a copy of this Agreement (“Strategic Member”), and the Cooperators defined 
below. ISU, Strategic Members and Cooperators together are the “Parties” and ISU, each Strategic Member, 
and each Cooperator are each a “Party”. 
 
WHEREAS, ISU is the recipient of funding from the National Science Foundation (“NSF”) and has joined 
together with committed subrecipient entities including the Regents of the University of New Mexico, The 
Rector and Visitors of the University of Virginia, the University of California-Irvine, University of Wisconsin-
Madison, and Rice University (individually a “Cooperator”; in any combination “Cooperators”) to establish 
the Center for Biorenewable Chemicals (“CBiRC”), an NSF Engineering Research Center (“NSF ERC”), at 
ISU for the purpose of developing a platform to produce commodity and specialty chemicals from renewable 
carbon; and 
 
WHEREAS, ISU, Strategic Member, and Cooperators desire to participate in certain CBiRC activities; 
 
NOW, THEREFORE, ISU, Strategic Member, and Cooperators hereby agree to the following terms and 
conditions. 
 
1. CBiRC 
1.1  The CBiRC shall be implemented, managed, and administered by designated faculty and staff at ISU and 
within CBiRC. At the discretion of the CBiRC director, any organization may become a Strategic 
Member of CBiRC, and additional Cooperators, Strategic Members and Full Members (as defined below) 
may be added at any time.  
 
1.2 The CBiRC shall have an Industrial Advisory Board (the “IAB”) composed of one representative from 
each Strategic Member and each Full Member. The function of the IAB shall be to provide advice to the 
CBiRC consistent with the aims of the NSF ERC program, including guidance on strategic direction, 
research activities, education programs and technology transfer efforts. The meeting logistics and other 
operating procedures of the IAB shall be determined outside of this Agreement.  
 
2. Membership 
2.1 A Strategic Member is a company that signs this agreement and makes a cash or in-kind payment in 
accordance with the following schedule.  
2.1.1 $25,000 for a company with at least 500 employees, or 
2.1.2 $12,500 for a company with less than 500 and more than 60 employees, or  
2.1.3 $2,500 for a company with less than 61 employees and more than 10, or 
2.1.4 $500 for a company that has not completed an IPO and has less than 11 employees. 
 
2.2 A “Full Member” is a company that signs a full member Agreement which would be substantially in the 
form of this Agreement except for membership fees and intellectual property rights. 
 
2.3 The CBiRC Director shall have discretion to make exceptions to this Article 2. 
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2.4 Payment. 
2.4.1   If a cash payment is required, it shall be made within thirty (30) days after the execution of 
this Agreement. This Agreement shall be the invoice for the first year of being a Strategic 
Member. Strategic Member shall be invoiced on or about the Effective Date each year 
thereafter. Payment is due within thirty days (30) of Effective Date of each subsequent year 
or receipt of invoice by ISU, whichever is later. Payment shall be sent by Full Member to 
Sponsored Programs Accounting Office, 3609 Admin. Services Building, Iowa State 
University, Ames, Iowa 50011-3609 and made payable to ISU (stub should state “CBiRC 
Full Membership”). Strategic Member status shall expire if renewal payment(s) is not made 
in accordance with this Article 2. 
  
2.4.2  If an in-kind payment is required, its amount shall be determined by the CBiRC Director and 
the Strategic Member agreeing on the value of the in-kind contribution, taking fifty percent 
(50%) of this amount and applying it as payment toward the Strategic Member’s annual fee. 
 
2.5 A Strategic Member may terminate the Agreement by giving ninety (90) days written notice of such 
termination. Dues paid or accrued prior to termination will not be refunded. A Strategic Member shall be 
entitled to the rights expressly set forth in this Agreement, including but not limited to, representation of 
the Strategic Member on the IAB as set forth in Article 1 and the rights set forth in Article 3. 
 
3. Publication and Intellectual Property 
3.1  The Parties acknowledge and agree that the goals of the CBiRC may be met by both public disclosure of 
results of CBiRC project activities (“Results”) and by protection of patentable subject matter arising or 
resulting from CBiRC project activities (“Inventions”). Notwithstanding anything to the contrary in this 
Agreement, ISU and/or Cooperators shall have the unrestricted right to publicly disclose the Results 
developed under this Agreement. With consideration of the advice and guidance of the IAB, ISU and 
Cooperators shall reasonably endeavor to balance the timely publication of results with the need to seek 
protection for Inventions. The Parties shall implement a confidentiality agreement promptly upon 
execution of this Agreement, and shall implement other agreements or procedures as needed, to facilitate 
timely review of Results for patentability and for prevention of patent bars caused by premature 
disclosures. 
 
3.2 All Inventions created by an investigator(s) of ISU and/or Cooperators under CBiRC projects shall vest 
with the employer or designated assignee of such investigator(s).  Inventorship shall be determined in 
accordance with U.S. law. Prosecution and licensing of Inventions shall be conducted by the Cooperator 
with which an inventor is associated, or such Cooperator’s designee. In the case of joint Inventions by 
investigators of different institutions, an inter-institutional agreement will be reached – with terms and 
conditions consistent with this Agreement – regarding the management of such joint Inventions and the 
sharing of value therein.  
 
3.3 Strategic Members shall have no rights to use Inventions for internal research purposes without a license. 
  
3.4 Inventions will not be licensed outside of the Full Members for a period of one hundred eighty (180) 
days after disclosure of the Invention to Full Member by ISU and/or Cooperator(s). At the end of such 
period of one hundred eighty (180) days, ISU and/or Cooperators shall have the right to grant licenses to 
Strategic Members or third parties. For any licenses granted to non-Full Member third parties, ISU 
and/or Cooperators shall make reasonable efforts in good faith to ensure that the terms and conditions 
of such licenses shall be on terms no more favorable than terms and conditions offered to Full Members 
for similar licenses.  
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4. Copyright 
Copyrightable materials created while working on CBiRC projects shall be owned and controlled by the 
author of such materials or his/her designee. 
 
5. Use of Names 
Except as required by law, no party shall use the name, logos, marks, emblems and designs (“Mark”) of ISU, 
a Cooperator, Strategic Member, or Full Member in any publicity or advertisement, whether with respect to 
this Agreement or any other related matter, without the prior written approval of an authorized representative 
of the owner of the Mark. Acknowledgement of funding or participation in CBiRC in a factual statement shall 
not be considered to be publicity or an advertisement and shall not be restricted by this requirement. 
 
6.  Notices 
Any notices required or permitted to be given hereunder will be in English and will be in writing delivered by 
first class mail or facsimile to the following: 
 
Iowa State University 
Laura Carabillo 
Manager, Industry Contracts 
1138 Pearson Hall 
Ames, IA  50010 
515-294-5225 
lec@iastate.edu 
 
7.  Independent Parties 
For purposes of this Agreement, ISU, Cooperators, Strategic Members and Full Members shall be 
independent contractors, and none shall at any time be considered an agent or an employee of the other. No 
joint venture, partnership or like relationship is created among ISU, the Cooperators, Strategic Members or 
Full Members by this Agreement. 
 
8.  Indemnification 
Strategic Member shall indemnify, defend and hold Cooperators and ISU, including each of their trustees, 
Strategic Members and Full Members, officers, directors, employees, students, affiliates, inventors, and 
authors, harmless against any and all claims, proceedings, demands, liabilities, and expenses, including legal 
expenses and reasonable attorneys fees, arising out of the death of or injury to any person or persons or out 
of any damage to property and against any other claim, proceeding, demand, expense and liability of any kind 
resulting from Strategic Member’s activities under this Agreement, use of results of this Agreement, and/or 
the production, manufacture, sale, use, lease, consumption or advertisement of products of Strategic Member 
and/or its affiliates arising from any license right of Strategic Member hereunder. 
 
9.  Entire Agreement 
This Agreement sets forth the entire understanding among the Parties with respect to the subject matter 
hereto and supersedes all previous agreements written or otherwise.  This Agreement may be amended only 
in writing by an authorized signatory on behalf of the Parties.  
 
10.  Signatures  
This Agreement may be executed in any number of counterparts, including facsimile or scanned PDF 
documents.  Each such counterpart, facsimile or scanned PDF document shall be deemed an original 
instrument, and all of which, together, shall constitute one and the same executed Agreement. 
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Iowa State University 
 
Agreed by 
 
__________________________________/_____________ 
Name: Brent Shanks       Date 
Title: Professor and Director, CBiRC 
 
Approved by 
 
__________________________________/_____________ 
Name: Laura Carabillo       Date 
Title: Manager of Industry Contracts 
 
 
Strategic Member Company: 
 
 
Approved by 
 
__________________________________/_____________ 
Name:           Date 
Title:    
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APPENDIX II.3.  ANIMAL AND/OR HUMAN SUBJECTS APPROVAL 
 
Since data have been/will be collected on the performance of CBiRC students (REU or regular) 
and RET and middle school summer academy participants, and these data have been/will be 
presented to the public through publications or invited talks at conferences, an IRB Human 
Subjects approval is provided.  Also provided is an IRB Human Subjects approval to include 
collection of data on Young Engineers. 
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APPENDIX II.6.  CONFLICT-OF-INTEREST POLICY 
 
Iowa State University’s Conflict-of-Interest Policy, certified by an AOR, is provided here.  
Certified copies of Conflict-of-Interest policies for CBiRC’s partner institutions are currently 
being collected and will be retained on file, as required. 
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Conflict of Interest 
Effective: Moved to Policy Library from UPM 2.5(3), UPM 3.1(3), UPM 3.1(4) 
Contact: Office of the Executive Vice President and Provost (EVPP)  
Contents  
Introduction  
Policy Statement  
Principles  
Purpose  
Relationships  
Assessment of Potential Conflicts  
Disclosure  
Review of Disclosures  
Special Cases  
Remedies  
Sanctions  
Implementation for Special Cases  
Resources  
Introduction  
It is the policy of Iowa State University to comply with state and federal law regarding conflicts of interest. University employees are 
required to comply with Iowa Code § 68B.2A Conflicts of Interest and the policies and rules of the Board of Regents, State of Iowa 
(Iowa Administrative Code Section 681-8.9 and Regents Policy Manual). 
The federal government requires that universities receiving federal funding maintain a written and enforced policy on conflict of 
interest (OMB A110). Iowa State University has adopted policies consistent with state and federal law and Regents policies and 
rules. 
See Resources section below for related laws, rules, and policies.  
Policy Statement  
As a land-grant institution with a strong commitment to research and outreach, Iowa State University and its employees have 
traditionally interacted with government bodies, private companies, and individuals external to the institution. As interest grows in 
stimulating technology transfer and encouraging economic development, the number and types of external relationships will grow 
correspondingly. The complexity of Iowa State University's increasing interactions with non-university entities confronts faculty and 
staff members with a variety of issues and concerns. Central to these is ensuring that all parties to an agreement are fully aware of 
any personal or contractual relationships that might have relevance to or compete with a particular project. 
top  
Principles  
A conflict of interest may take various forms, but arises when a faculty or staff member is or may be in a position to influence the 
university's business, research, or other decisions in ways that could lead to any form of personal gain for the faculty or staff 
member or others closely associated with that university employee.  
Purpose  
This policy provides a mechanism for:  
 Identifying conflicting non-university relationships  
 Informing those with a need to know about conflicting relationships through disclosure  
 Taking remedial steps to protect the interests of all concerned  
Relationships  
The nature of faculty and staff relationships varies widely, so it is not possible to define precisely and exhaustively all situations in 
which a potential conflict of interest may arise. The following categories do not constitute an exclusive listing, but they do represent 
the most prevalent types of relationships.  
Consulting Activity 
It is common for faculty and staff members to serve as consultants for non-university entities. Depending upon the 
entity and the nature of the activity, consulting may not cause any conflict of interest for a university employee. 
Payment or a retainer for a consultant's time and expertise is appropriate in many instances. 
 
Equity Interest 
University employees are free to own stock in private companies, and relatively modest holdings are not a matter of 
university concern. An employee who holds equity in or stock options that represent more than $10,000 or five percent 
of the total company equity is considered to have an equity interest in that company.
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Management Role 
A university employee may serve as a director, scientific director, board member, or line officer or hold another 
management position in a company. 
top  
Assessment of Potential Conflicts  
A faculty or staff member's consulting relationship with, equity interest in, or a management role within a non-university entity does 
not necessarily constitute a conflict of interest. A potential conflict may arise, however, when such relationships interfere or compete 
with one another or with an employee's relationship to the university. Again, because of the variety of possible combinations and 
complexities, it is not feasible to describe all potentially conflicting situations. Therefore, the following are to be viewed only as 
examples of relationships that may require disclosure.  
Consulting Activity 
A potential for conflict arises when an individual seeks or is awarded a contract for sponsored research through the 
same entity for which paid consulting is being or has been done. Similarly, if one person is serving as a consultant for 
two or more clients who are themselves in competing or conflicting relationships, the potential for a conflict of interest 
does exist. 
 
Equity Interest 
As with consulting, the existence of an equity interest does not alone constitute a conflict of interest. However, if an 
employee with such an interest is asked to consult for or is provided research funding from that company or one of its 
competitors, the potential for a conflict of interest does exist. 
 
Management Role 
If the management role is directly related to research, marketing, or other activities either for the university or for a 
competing company, the potential for a conflict of interest does exist. 
 
Multiple Interests or Roles 
An individual faculty or staff member may simultaneously become involved in consulting relationships, have equity 
holdings, and serve as an officer in one or more companies. Each of these relationships may well be independent of 
all the others and no conflict among them may exist. The independence or interdependence of such relationships may 
be difficult to assess, however, unless the individual fully discloses the nature and extent of the relationships. 
top  
Disclosure  
All parties participating in relationships involving university employees and non-university entities should be fully aware of the nature 
of those relationships if a potential for conflict exists. It is the responsibility of the individual who has entered into potentially 
conflicting relationships to disclose to his or her department chair or immediate supervisor the nature and degree of such 
relationships. Two avenues for disclosure are available:  
1. On a Gold Sheet 
Researchers who submit contract or grant proposal forms (Gold Sheets) must indicate on those forms if they believe that the 
proposed activity will constitute a conflict of interest. If they do so indicate, they must inform department chairs or other 
immediate supervisors of the details of the potential conflict. Disclosure is automatically required if the ISU employee has an 
equity interest or a management role in a company supporting research.  
2. Directly to a Department Chair/Supervisor 
If a faculty or staff member enters into an agreement to provide services such as consulting with non-university entities that 
do not normally require a Gold Sheet, any necessary disclosures should be made directly to the department chair/immediate 
supervisor. Disclosure is automatically required if the ISU employee has an equity interest or a management role in a 
company involved in the consulting activity.  
Form of the Disclosure 
A faculty or staff member may use the forms or write a memo addressed to the department chair or 
immediate supervisor, defining the nature and extent of any relationships and identifying the entities with 
which the relationships exist. Documentation such as a contract, letter, or other communication that 
specifies the nature and extent of the university employee's obligation and duties may be included as 
part of the disclosure. 
 
Timing of the Disclosure 
Disclosures should be made as early as possible to enable those reviewing them to consider what 
action, if any, needs to be taken regarding any potential conflicts of interest. At the latest, a disclosure 
statement should accompany the submission of a contract or grant proposal when it is submitted to a 
department chair for his or her approval. 
top  
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Review of Disclosures  
Departmental Level  
A department chair is responsible for reviewing any disclosures made. If, in his or her opinion, no potential or actual conflict of 
interest exists, further review is unnecessary. Where a potential or actual conflict exists, the department chair must decide if it is 
serious enough to require intervention or mediation. A department chair may choose to rely on the advice of a departmental ad hoc 
peer review committee to assist in the evaluation. Information contained in a disclosure statement accompanying a proposal shall 
remain confidential. If a contract or grant is awarded, however, any relevant disclosures shall be made public and the contracting or 
granting entity be informed. For employees not affiliated with an academic department, the immediate supervisor serves in place of 
a department chair as the reviewer of disclosures  
College Level  
If a department chair is unable or unwilling to deal with the actual or potential conflicts of interest that a disclosure reveals, he or she 
should forward the disclosure to the appropriate college dean for review. As in the case of departmental review, if a dean believes 
that no conflict of interest exists, further review is unnecessary. Where a potential or actual conflict exists, the dean should decide if 
it is serious enough to require intervention or mediation. A dean may choose to rely on the advice of a college-constituted committee 
in reviewing disclosures. For employees not affiliated with an academic department, the immediate supervisor may forward 
disclosures to the administrator to whom he or she reports.  
University Level  
If a dean or other administrator is unable or unwilling to deal with the actual or potential conflicts of interest that a disclosure reveals, 
then he or she should forward the disclosure to the executive vice president and provost (EVPP) for review. The EVPP will seek 
advice from a university committee constituted for that purpose to determine whether a conflict of interest exists and is serious 
enough to require intervention or mediation. For employees not affiliated with an academic unit, the vice president to whom their unit 
ultimately reports, rather than the EVPP, is responsible for review at this level.  
If a conflict is deemed to be unavoidable or unmanageable, the university Office of Sponsored Programs Administration will notify 
the potential funding agency of the problem.  
Appeal  
If a faculty or staff member disagrees with a decision made at the departmental or college level, he or she can request that the 
disclosure be referred for review to the higher administrative level as described above. 
top  
Special Cases  
When the university engages in activities with university-employee-owned companies, a potential conflict of interest is possible in 
these relationships. Board of Regents' policy requires prior approval from the Regents before the university can make purchases 
from a company owned by an employee or an employee's immediate family. Oversight of research relationships with such 
companies comes under the Conflict of Interest Policy and requires special considerations.  
The university encourages interested employees to engage in entrepreneurial activities as a way of contributing to the economic 
development of Iowa. Occasionally, an employee-owned company will wish to establish a research relationship with the university 
and its employees. The university is willing to work with such companies on the same basis as work done with companies not owned 
by university employees. To ensure that such relationships do not harm either the university or its employees, special oversight is 
required.  
Research relationships with ISU employee-owned companies usually take one of three forms:  
1. University research is sponsored by the company. 
An administrator at or above the level of dean establishes a committee of technically knowledgeable but disinterested faculty 
or staff. The committee will oversee the integrity of the research and assure the university that the work being done is that to 
which the university agreed.  
2. The company, in exchange for a fee, uses university facilities and/or equipment. 
Appropriate fees must be established by the department (unit) chair responsible for the facility and/or equipment and must be 
approved by the vice president for Business and Finance. Fees should be reasonable and in line with those charged for use 
by companies not involving ISU employees. A record of amount of use shall be maintained.  
3. The company employs individuals who are simultaneously university graduate students. 
The Program of Study committee and/or a committee named to oversee research shall be notified of the potential conflict and 
the student's work for the dissertation or thesis shall be monitored to assure that the quality of the student's research and 
graduate experience is not compromised by the connection to the company. Generally, it is inadvisable for the student's 
advisor to be the student's employer or supervisor in the employee-owned company, but exceptions can be sought from the 
department chair. 
top  
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